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edit Q rial 


To Give or Not to Give Formulae in 
Question Papers? 


ow Hamlet's “To be or not to be" is haunting the educationists again. 

Before discussing whether formulae should be studied by note or 
understanding the subject is the question now. Formulae should never be 
learnt by just note. One should understand the significance of every symbol 
and after a step by step derivation, one arrives at the formula which can 
be remembered easily. 
Hand-books such as the Clark's tables contain a lot of information and also 
the mathematical tables. They are supplied in university exams and taken 
back. A good student can get a lot of information but not derivation. This is 
just to illustrate that by giving all the formulae in question papers, the utility 
is marginal. Open book exams had been in vogue in many centres in India 
and abroad, introduced by scientists who studied abroad. The result was 
the same. Good students scored well with closed book or open book. The 
way that every formula has to be taught in the class is from experimental 
observations, discussions and finally the formula. The assumptions in the 
formula should be clearly spelt. But to learn just a formula for solving a 
problem is not useful. 
Ultimately the purpose of the examination is to judge the effect of teaching 
on the student. It is not to test the ability of the students to plug in values 
in a given formula and get the result. 
Transfer of not only technology but also the process of thinking with the 
maximum result till the last student has understood the topic is the secret 
of good teaching. 


Anil Ahlawat 
Editor 
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MUSING 


hysics Musing was started in August 2013 issue of Physics For You with the suggestion of Shri Mahabir Singh. The aim of 
Physics Musing is to augment the chances of bright students preparing for JEE (Main and Advanced) / AIPMT / AIIMS / 
Other PMTs / PETs with additional study material. 

In every issue of Physics For You, 10 challenging problems are proposed in various topics of JEE (Main and Advanced) / AIPMT. 
The detailed solutions of these problems will be published in next issue of Physics For You. 

The readers who have solved five or more problems may send their solutions. The names of those who send atleast five correct 
solutions will be published in the next issue. 

We hope that our readers will enrich their problem solving skills through "Physics Musing" and stand in better stead while facing 
the competitive exams. 


By : Akhil Tewari 


PROBLEM р 


Set 7 
SINGLE OPTION CORRECT 
(a) cost E 
1. A smooth sphere of radius R is made to translate 3 
in a straight line with a constant acceleration a =g. 
A particle kept on the top of the sphere is released (©) cos?) 
from there at zero velocity with respect to the 2 2 
sphere. The speed of particle with respect to the | 5, 
sphere as a function of angle 0 as it slides down the point of suspension of a simple pendulum. 
is The pendulum bob is released from the position 
ETHER where the string makes an angle 60" from the 
(а) |ReGSinO + соз) vertical. Calculate the distance of the nail from 
2 the point of suspension such that the bob will just 
b cu perform revolutions with the nail as the centre. 
(b) JRe( cose sine) Assume the length of the pendulum to be 1 m. 
i (а) 0.80 т (b) 0.60m 
(© V4Rgsino (c) 040m (d) 0.20m 
(d) J2Re(L* sind - cos) 6. A particle of mass m slides from the top of the 
surface of a sphere of radius R. It looses contact 
2. The momentum of a body is increased by 20%. and strikes the ground. At what angular position 
Find the percentage increase in kinetic energy 9 with upward vertical, the particle will loose 
(nearly). contact with the surface ? 
(a) 40% (b) 22% pr a2 
(c) 20% (d) 44% @ costs ©) costs 
3. A ball suspended by a thread swings in a vertical 43 43 
plane so that its acceleration values at the extreme © cs т (d) cs; 
and the mean position are equal. Find the thread's 
deflection angle at the extreme position. 7. Asmallheavy block is attached to the lower end of 
(а) 2tan!2 (b) 2 tan! 1/2 a light rod of length / which can be rotated about 
(c) tan! 2 (b) tan! 1/2 its suspension point. The minimum horizontal 
4. А simple pendulum is oscillating with angular velocity of the block so that it moves in a complete 
displacement 90°. For what angle with vertical is os 
the acceleration of bob directed horizontally? (a) Agi at lowest point 
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(b) Wei at highest point 


(с) J5gl at lowest point 
(d) zero at highest point. 


A ball of mass m is attached to the lower end of 

light vertical spring of force constant k. The upper 

end of the spring is fixed. The ball is released from 

rest with the spring at its normal (unstretched) 

length, comes to rest again after descending 

through a distance x. Then 

(а) x= mg/k 

(b) х=2 mg/k 

(© The ball will have no acceleration at the 
position where it has descended through x/2 


10. 


(a) The minimum time in which he can cross the 
ый 
river is 2. 
z 


(b) He can reach the point Pin time 2. 
7 


(c) He can reach ће point P in time 


(d) He cannot reach P if u > v. 


A particle moves in the xy plane with a constant 
acceleration ‘g’ in the negative y-direction, Its 
equation of motion is y = ax — bx?, where а and b 
are constants. Which of the following are correct? 
(a) The x-component of its velocity is constant. 


(Gi the ball will Rave ran upward оао (b) At the origin, the y-component of its velocity 


equal to g at its lowermost position. 


9. Aman who can swim at a speed v relative to the 
water wants to cross a river of width d, flowing 
with a speed и The point opposite him across the 


(c) At the origin, its velocity makes an angle 
tan?! a with the x-axis. 


river is P. (d) The particle moves exactly like a projectile. 
an 
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Turpentine oil is flowing through a tube of length 
l and radius r. The pressure difference between 
the two ends of the tube is P. The viscosity of oil 


P(r? - х?) 
dol 


is given by n= , where v is the velocity 


of oil at a distance x from the axis of the tube. The 
dimensions of 1 are 

(а) [MLT] (b) [MLT"] 

() [Мет (d) [мет] | 


An electric kettle has two coils. When one coil 
is connected to the ac mains, water in the kettle | 
boils in 20 minutes. When the other coil is used, 
the same quantity of water takes 30 minutes to 
boil. How long will it take for the same quantity 
of water to boil if the two coils are connected in 
series? 

(a) 25 minutes 
(c) 50 minutes 


(b) 12 minutes 
(d) 40 minutes. 


The efficiency of a transformer is 90%. The 
transformer is rated for output of 9000 W. If 
the primary voltage is 1000 V and resistance of 
primary is one ohm then the copper losses in the 
primary coil will be 

(а) 400 W (b) 200 W 

(с) 100 W (d) 300 W 

An organ pipe closed at one end resonates with a 
tuning fork of frequencies 180 Hz and 300 Hz. It 
will also resonate with tuning fork of frequency 


(а) 360 Hz (b) 420 Hz 
(c) 480 Hz (d) 600 Hz 
Figure shows four 2uF 
capacitors connected 
to an 8 V power 
supply What is the Ley икс ip 
potential difference 
across each 1 pF 
capacitor? = 
3uF 
(а) 1V (а) 2V (0) ЗУ  (d)4V 


VERI- SIMILAR 


PRACTICE PAPER 2014 


./ AIPMT Special 


Exam on 
4th May 


Consider a uniform square plate of side a and 
mass M. The moment of inertia of this plate about 
an axis perpendicular to its plane and passing 
through one of its corners is 


2 

(a) 5 Ма? © 6 
T 7 

© вм 9) 15. Ма? 


А smooth block released from rest on a 45° incline 
slides a distance d. The time taken to slide is n 
times as much to slide on rough incline than on a 
smooth incline. The coefficient of friction is 


1 aie 

(a) т (b) Hse yl E 
E m= 1-1. 

© ms (d) 01-55 


What is the wavelength of the most energetic 
photon emitted in the Balmer series of the 


hydrogen atom? 
(а) 645 nm (b) 580nm 
(c) 435 nm (d) 365 пт 


The equation of emf in an ac circuit is given by 
Е = 60sin(100nt). What is the minimum time taken 
for the emf to change from +30 V to -30 У? 


+60 V. 
1 
—60 V- 
(а) (1/100)s (b) 200s 
(© 100$ (d) (1/200) s. 


. Two trains 121 m and 99 m in length are running 


in opposite directions with velocities 40 km h^ 
and 32 km h”. In what time will they completely 
cross each other? 

(а) 9s (Ы 15 


(© 135 (d) 155 
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11. 


13. 


14. 


15. 


16. 


17. 


The angle of dip ata certain place onearthis 60° and 
the magnitude of earth’s horizontal component of 
magnetic field is 0.26 С. The magnetic field at the 
place on earth is 
(а) 0.13G 
(© 0526 


(b) 0266 
(d) 0.65G 


Two bodies of mass 10kg and 2 kg are moving with 
velocities (27-7 /+3/) ms 'and(-101 «35; -3k)ms™! 
respectively. The velocity of their centre of mass 
is я 

(а) 2?mst (b) 2k ms? 

© 2f+2k)mst (9) 2?+2/+2k)mst 
The energy stored in а parallel plate capacitor can 
be treated as the energy of the electric field. The 
energy per unit volume, due to the electric field 
is 


а) 2 


1p 
© Е 
© 2 


1 

(b) J&E? 
1,2 

(d) 5E 


The equation of stationary wave along a stretched 
string is given by 


y=5sin ^ cos 40nt 


where x and y are in cm and Е in second. The 
separation between two adjacent nodes is 

(а) L5cm (b) Зет (© 6cm (d) 4cm 

In the uranium radioactive series, the initial 
nucleus is 20238 and the final nucleus is Pb. 
When uranium nucleus decays to lead, the 
number of o particles and particles emitted are 
(а) 8o, 6p (b) 60,76 

(с) бо, 8В (d) 40,38 

One kg of a diatomic gas is at a pressure of 
8 x 10: N m2, The density of the gas is 4 kg тэ. 
What is the energy of the gas due to its thermal 
motion? 

(а) 3х 10] (b) 5*10*J 

(© 6x10] (d) 7*10*] 

A transparent solid cylindrical rod has a refractive 
index of A . It is surrounded by air. A light ray is 


incident at the mid-point of one end of the rod as 
shown in the figure. 


pm). 


The incident angle Ө for which the light ray grazes 
along the wall of the rod is 


Ul 
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18. 


19. 


20. 


2 


6) s(t) ©) "EJ 


= meti) 


1 g of water at atmospheric pressure has a 
volume of 1 cc and when boiled it becomes 
1681 ccofsteam. The heat of vaporisation of water is 
540 cal g^". Then the change in its internal energy 
in this process is 
(a) 540 cal 

(c) 1681 cal 


The cylindrical tube of a spray pump has a 
cross-section of 8 cm?, one end of which has 
40 fine holes each of area 10* m. If the liquid 
flows inside the tube with a speed of 0.15 m min”, 
the speed with which the liquid is ejected through 
the holes is 

(а) 50m s?! (b) 5ms* 

(с) 0.05 m 57 (d) 0.5 m s” 


A projectile has initially the same horizontal 
velocity as it would acquire if it had moved 
from rest with uniform acceleration of 3 m s? for 
05 minutes. If the maximum height reached 
by it is 80 m, then the angle of projection is 
(Take $ = 10 m s?) 


(b) 500 cal 
(d) 200 cal 


(а) tan” (3) (b) tan“ (3) 


(с) tan? (3) (d) sin (3) 

In a series LCR circuit the potential difference 
between the terminals of the inductance is 60 V, 
between the terminals of the capacitor is 30 V and 
that between the terminals of resistance is 40 V. 
The supply voltage will be equal to 

(а) 130 V. (b) 10V 

(© 50V (d) 70 V. 

A galvanometer coil has resistance of 10 Q and the 
metre shows full scale deflection for a current of 
1 mA. The shunt resistance required to convert 
the galvanometer into an ammeter of range 
0-100 mA is about 
(а) 109 

(© 010 


(b) 12 
(d) 0.01 Q. 


- A rope of mass 0.1 kg is connected at the same 


height of two opposite walls. It is allowed to hang 
under itsown weight. At the contact point between 
the rope and the wall, the rope makes an angle 
9 = 10° with respect to horizontal. The tension in 
the rope at its midpoint between the walls is 


MEG 
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27. 


29. 


31. 


10 


(а) 2.78N 
(© 282N 


(b) 256N 
(d) 271N 


. Two thin equiconvex lenses each of focal length 


0.2 m are placed coaxially with their optic centres 
05 т apart. Then the focal length of the 
combination 15 
(a) -04 т 
() -0.1m 


(b) 04m 
(d) 01m 


. Which of the following has the longest de-Broglie 


wavelength if they are moving with the same 
velocity? 

(a) Neutron 
(© «particle 


(b) Proton 
(d) В particle 


. Two radioactive substances A and В have decay 


constants 54 and À respectively. At t= 0 they have 
the same number of nuclei. The ratio of number of 
nuclei of A to those of B will be (1/eP after a time 
interval 
(a) 4% 


(©) 


(b) 2 
1 
9 x 


2h 


A long straight wire carries 10 A de current. 
An electron travels perpendicular to the plane 
of this wire at a distance 0.1 m with velocity 
5.0 x 105 m s”, Force acting on the electron due to 
the current in wire in newton is 

(а) zero (b) 0.6 x 10777 

(© 116х107 (d) 221077 


An ac source of frequency 50 Hz is connected in 
series to an inductance of 0.5 H and resistance of 
157 Q. The phase difference between current and 


voltage is 
(a) 90* (b) 60° 
(c) 30° (d) 45° 


If Ay Ay and A, represent the wavelengths of 
visible light, X-rays and microwaves respectively, 
then 

(а) A, > Ax> Av 
(© A,» An 


O) X, >Re De 
(d) Ay > Aig > A, 


. What is the escape velocity for a body on the 


surface of a planet on which the acceleration 
due to gravity is (3.1? m s? and whose radius is 


8100 km? 

(a) 2790 km s! (b) 279 km s? 

© 279 pms (d) 27945 kms” 
5 


Which logic gate is represented by the following 
combination of logic gates ? 
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32. 


33. 


37. 


Y 
B 
(a) OR (b) NAND 
(© AND (d) NOR 


The current gain ofa transistoris 0.9. The transistor 
is connected in common base configuration. What 
would be the change in collector current when 
base current changes by 4 mA? 

(а) 12тА (b) 12тА 

(© 24mA (d) 36 мА 


An organ pipe open at one end is vibrating in first 
overtone and is in resonance with another pipe 
openatboth ends and vibrating in third harmonic. 
The ratio of length of two pipes is 

(a) 3:8 (b) 8:3 

(9 1:2 (d) 4:1 


. In a series resonance LCR circuit, the voltage 


across К is 100 V and К = 1 KQ, C = 2 pF. The 
resonant frequency is 200 rad s”. At resonance, 
the voltage across L is 

(a) 40V (b) 250 V 

(с) 4x10? V (d) 2.5 x 10° V 


A body covers 200 cm in the first 2 seconds and 
220 cm in the next 4 seconds. The velocity of the 
body at the end of the 7 second is 

(a) 10cm s? (b) 20cm s? 

(© 5emst (d) 30 cm s? 


The radius of a spherical nucleus as measured 
by electron scattering is 3.6 fm. What is the likely 
mass number of the nucleus? 

(a) 27 (b) 40 

(© 56 (d) 120 

A ball is dropped from a high rise platform at 
t = 0 starting from rest. After 6 seconds another 
ball is thrown downwards from the same platform 
with a speed о. The two balls meet at f= 18 s. What 
is the value of v? (Take g = 10 m s?) 

(а) 75ms? (b) 55m s? 

(© 40ms? (d) 60m s? 


. A conducting circular loop is placed in a uniform 


magnetic field, B = 0.025 T with its plane 
perpendicular to the loop. The radius of the loop 
is made to shrink at a constant rate of 1 mm s^. 
The induced emf when the radius is 2 cm, is 

(а) 27 uV (b) zuV 


© Suv (d) 2uV 


39. 


40. 


41. 


42. 


43. 


45. 


А man in a balloon rising vertically with an 
acceleration of 4.9 m s? releases a stone 2 seconds 
after the balloon is let go from the ground. The 
greatest height above the ground reached by the 
stone is (Take g = 9.8 m s?) 

(а) 147m (b) 196m 

(© 98m (d) 245m 


A body of mass 5 kg is moving with a momentum 
of 10 kg m 57. A force of 02 N acts on it in the 
direction of motion of body for 10 s. The increase 
in its kinetic energy is 

(а) 28] (Ы) 32] (d) 44] 


An object is tied toa string and rotated in a vertical 
circle of radius r. Constant speed is maintained 


the T 


max _ 9 


(9 38] 


along trajectory. If where, 


min 
Tmax = maximum tension and Tmin = minimum 


v? 
tension, then — is 
re 


8 
(а) 1 (b) 2 (03. (Q4 


A block of aluminium of mass 1 kg and volume 
3,6 x 10-1 m? is suspended from a string and then 
completely immersed in a container of water. The 
decrease in tension in the string after immersion 
is 

(а) 98N 
(© 36N 


(b) 62N 
(d) 10N 


An object is placed at 15 cm infront of a concave 
mirror whose focal length is 10 cm. The image 
formed will be 

(a) magnified and inverted 

magnified and erect 

reduced in size and inverted 

reduced in size and erect. 


A charged particle is moving in a circular 
orbit of radius 6 cm with a uniform speed of 
3 х 10° m s! under the action of a uniform 
magnetic field 2 х 104 Wb m^ at right angles to 
the plane of the orbit. The charge to mass ratio of 
the particle is 

(а) 5x10 C kg? (b) 25 x 10!! C kg?! 

(c) 5x10! C kg? (d) 5x 10? C kg? 

A square loop of wire, side length 10 cm is placed 
at angle of 45? with a magnetic field that changes 
uniformly from 0.1 T to zero in 0.7 seconds. The 
induced current in the loop (its resistance is 1 Q) 
is 

(a) 10 mA 
(c) 35 mA 


(b) 25mA 
(d) 40mA 


| SOLUTIONS 


1. 


(d): Dimensions of Р = [ML?T?] 
Dimensions of r = [L] 
Dimensions of v = [LT7] 
Dimensions of/=[L] о, eae 
^ Dimensions of n= Е -91 IME T Е] 
то LTL] 
= [ML T7] 


(c): If V is source voltage, and К, and R, be 
resistances of the two coils then, if H is the heat 
produced in each case 


v? v? 
H=—t, Rah 
v? vt 
= =—2 
R” Юн 
When resistance are put in series, then 
v? v? 
H= T” Rs= ats 
Аз К;= К+ К. 
yt, У. 
We have H Tuh*tgh 
or t= +t, 


0 + 30 = 50 minutes 
(c) : Efficiency of a transformer 


Output power 
Input power 


Output power 
. Input power= " 


n 


100 
= 9000 х 0 = 10,000 W 


Also, input power = Ум» 


Input power 


^. Current in primary, Ip = 


(b): Resonate frequencies are пуу and nv 

where n; and n, are integers and v is fundamental 

frequency. 

Here, mv = 180 and по = 300 

, 0,180 18 9 

m, 3X0 30 5 
m -3andm-5 

ог 30-180 
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180 
v=-7 =60Hz 


Possible harmonics in the case of closed end organ 
pipe are 1, 3, 5, 7, 9, 11, 13, .... 

The corresponding frequencies are 60 Hz, 180 Hz, 
300 Hz, 420 Hz, .... 


(c) : The total capacitance across power supply 
90h 

=£ pr. 

The charge on 2 pF capacitor or З uF capacitor 
=8xŚ=6pC. So the charge on each 
1 pF capacitor =3 pC. 


Therefore, potential difference across each 1 pF 
capacitor 

. charge _ = 
= Capacitance ТАЕ > 


(а): For a rectangular sheet, moment of inertia 
passing through O, perpendicular to the plate is 
a 


I ми) 


EXE 


(©: Component of g down the plane = $510 
2 For smooth plane, 


d= lgsing? (i) 


For rough plane, 
frictional retardation up the plane = цу (gcos0) 


. а= 3 (gsin0- pyg cosójnt)? 
Я d (ssin? = 2 (sino, gcos0)n?? 


ог sin@ =n? (510 — щсоѕӨ) 
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10. 


11. 


Putting 0 = 45°, we get 
ог sin45" = и? (sin45° — p,cos45°) 
1 m 


or Ве or p= 


(d): For Balmer series 


1 t- 4 
ARE where n =3, 4, 5 ...(i) 


By putting п = = in equation (i), we obtain the 
series limit of the Balmer series 


1 1 L 
2-3] 


ог 2 = 364.5 nm. This is the shortest wavelength 
in the series 


Energy of photon, Dd 


Since E= + 


For shortest wavelength, energy of photon is the 
most. 


(a): E = 60sin(100zt) 
30 = 60 sin(100zt,), i = sin(100zt,) 
1001, == > h= s. 

6 1 600 
—30 = 60sin(100nt,) = 100nt, 


wg 
600 
7 1 1 


600 600-1007 

(b): Here, v, = 40 km h”, ор = -32 km h” 

Length of train A, 1, = 121 т 

Length of train B, lg = 99 m 

Relative velocity of two trains is given by 
Vas = 04 - Va = 40 - (-32) 


t 


h 


Haeo -72x ems 


Total distance to be travelled by each train for 
completely crossing the other train 
= 121 +99 = 220 т 
Time taken by each train to cross the other train 
220 
Em lis 
Hence the two trains will cross each other in 11 s. 
(c) : Horizontal component of the earth's magnetic 
field, H; = 0.26 G 
Angle of dip, 8= 60° 
He 
Е 


cosó- 


12. 


13. 


14. 


15. 


16. 


where В is the magnetic field of the earth 
НЕ _026G 026G oc 
cos с0560° (1/2) 


Here m, = 10 kg, т. - 2 kg 


(b): 
ВОЗ ms? 
2 DIETE 
D, =(-107 435/-3b) ms 


E] m, Vj +My 05 


ven = 
m +My 


_ 1007-7}+3) +2107 +35] 3%) 
Е 10+2 
= 2kms" 


(b): Total energy U, = jv 


2 Energy per unit volume, up = i 


=> p= Jee? 


(b): Given :y=5sin я cos 40nt 


Comparing with the standard equation of | 


stationary wave 


y=2Asinkxcoswt, we get 
DE MM 
к= ^ А=6ст 


Hence, the separation between two adjacent 


nod = За 


(a): Let number of a particles emitted be x and 
number of В particles emitted be у. 

Difference in mass number, 4 x = 238 — 206 = 32 

^ х=8 

Difference in charge number, 2x — 1y = 92 - 82 = 10 
or 16-у=10 2. y=6 

(b): The thermal energy or internal energy is 


u- Hu for diatomic gases. 


(515 the degrees of freedom as the gas is diatomic) 


But PV - uRT 
. mas _ 1kg lis 
“density 4kgm? 4 

P-8x10Nm? 


17. (d): 


19. 


-$x8x10 x1 -5x10*J 
refractive index 
of the rod 
If 0, has to be the critical angle, 0, — sin. 
But 0, = 90° - 0, 0,- 0. us 
" 
р 
Á 
sin, — 2 sin8 
sin ' J3  cos0. 
But, 
2- 2. 
cos, BE B sing= т =? -1. 


А eset ei (1) 


So that 0, is making total internal reflection. 


. (b): As the process is isobaric 


20. 


AW = [РУ = МУ, - Vj] 

AW 71 x 10° х [1681 - 1] 
=1680 x 105 erg = 168 J 
= 40 cal 

AQ = mL = 1 х 540 = 540 cal 

According to first law of thermodynamics 


AQ=AU+AW 
- AU-AQ- AW = 540 - 40 = 500 cal. 


(b): According to equation of continuity, 
(area a) х (velocity v) = constant. 


[-1erg 21077 J] 
[e1cal 242 J] 


For tube, (8 x 107) x ( m } T 
For holes, (40 х 10%) x v - ajos 
450 = dU, 
8x10 x0.15 
240x103 xo = = 20 
x10 хо d 
rara 8x10*x015 8x15 NONE 
«40x10? x60 4x6 — 
2...2 
(©: Maximum height, H=” Е 9 


or 1251129 = 1600 


or usinü-40m s. 
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21. 


Horizontal velocity = и cos 9 
As per question, и cos0 = at 
и соѕ9 - 3 30-90 m st 
_ using 40 
* wcos8 90 


or tano= 3 or o=tan-"(} 


: In series LCR circuit, 
V = VR «V, -Vo 
= (40)? + (60 — 30)? = /1600 +900 
= ¥2500 = 50 V. 

(©: Here, Ic=1 mA = 102A 

1= 100 mA=100 х 102A 


Galvanometer resistance, G=10 Q 
Shunt resistance 5 =? 


T 16 1 


© 
1-1 


Ammeter 


(с 


From figure, 
(1-10)8 = IcG 
min 

T=Ig 
2049. 


1x10? A x 102 
100х107? A- 1x10? A 


. (c): Mass of rope, т = 0.1 kg, Ө = 10° 


From figure, 2Tsin = mg 
mg 01x98 _ 


ог T- 


1 1 1 0.5 
—+ 


7 02 02 (02) 02) 


-2545-05x*5x5 
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25. (d) : de Broglie wavelength 


a=- orae 1 (when vis constant) 

ms m 

As ma> m,» m,» my 

2 <, < 

Therefore В particle has the longest de Broglie 
wavelength. 


26. (c) : Given : Ад = 5, Ag 7 


Att 0, (Мл = (No)s 


Я 
After time t, № «(1 


"m 


According to radioactive decay, 


= (i) 


and im =e a (ii) 


О 
Divide (i) by (ii), ме get 


Ohh ор Na cuis 
A 


"E0 


21 
or, 44-2 or t= —-— 
4k 2X 
27. (a): Force on the electron, Ё= –е(ӧх В). As 
electron is travelling in a plane perpendicular to 
the plane of wire, so angle 0 between ï and В is 
either 0° or 180° and sin0? or sin180° = 0. 
X, oL 2muL 
28. (d) : tang == = == 
Wane 575 
where ф is the phase difference between current 
and voltage. 
Substituting the values, we get 
tang = 29550505 _ 
157 
ф= 45° 
29. (b): Ay > Ay > Ax 
In electromagnetic waves spectrum X-rays 
has minimum wavelength and microwave has 
maximum wavelength. 
30. (c) : Escape velocity of the body from the surface 


of a planet is 


1, = f2,R, 


31. 


32. 


33. 


Substituting the values, we get 


v, = (2 х(3.1)? x(8100x10°) m s^ 


3.1x90x10./20 a 279 E 
QAM kmst= kms 
1000 У5 

(с): 
A 
ү 
5 В 


The Boolean expression of this arrangement is 
Y=A+B=A-B=A-B 
Thus AND gate is produced. 
(d) : For a transistor Al, = Aly + Alc 
n OP 
Alg Alg + Alc 
Substituting the values we get 


= Ас 
4+Ale 
(©) : For an organ pipe open at one end, 


or Alc =36 тА 


frequency of 1* overtone v; -2 
1 


For the organ pipe open at both ends, 


frequency of 3“ harmonic, V2 = ES 
AS 0; = V2 2 
Q2 9 „1.21 
тар 2b ГА 2 


34. (b) : Here, М; = 100 V, К= 1 КО = 100, 


35. 


C-2yF -2* 10% Е o = 200 rad s? 
V 
Current, == 
'urrent [= > 
where V = (Vp)? +(Vi—Ve)* 
Z= JR? «(Xj - Xc 


Atresonance, X; = Xe Z=R 
V= Ve V=Vk 
т= Ук MOOV от А 
R 100 
At resonance, V, = Vo = IXc - 
T 3 
PUN NN LP 


CX00x2x105^ 4 


(a): Let u and a be the initial velocity and uniform 
acceleration of the body. 


t-0s 1=25 1-68 


200 ст 


1 
Using S=ut+ 5 al? 


2 200=и(2) + po 


100=и+а wo (i) 
Also 420 = 6u + iss 
70=u+3a w+ (ii) 
Solving equations (i) and (ii), we get 
и= 115 ст s”, 
=-15 ст 5? 


Using v = u + at 
n v=115+(-15)7=10 cm s? 
36. (a) : Nuclear radius R = КА)! 
where A is the mass number of a nucleus. 
Given : R =3.6 fm 
7 3.6 fm = (1.2 fm)(A™°) 
ог A=(3}=27 
37. (a): Let the two balls meet after Ё s at distance x 
from the platform. 
For the first ball 
u=0,t=18s,g=10ms? 


[К = 1.2 fm] 


Using haut +3 gf 
x= x10«18? EU! 


For the second ball 
u=v,t=12s,g=10ms? 


Using h=ut+ i gi 
А херхі2+ 5 x10%12" (ii) 
From equations (i) and (ii), we get 

30x18" =120 +5 «10% (12) 


or 120= i x10x[(18) - (12)2] 
=x 10x{(18 +12) (18-12) 


120-3x10x30x6 


1x10x30x6 
2x12 


or v= -75ms! 


38. (b) : Here, 

Magnetic field, B = 0.025 T 

Radius of the loop, г= 2 cm =2 х 102 т 

Constant rate at which radius of the loop shrinks, 

dax? ms 
dt 
Magnetic flux linked with the loop is 
6 = BAcosü = B(nr’)cos0® = Br? 
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The magnitude of the induced emf is 
Я dr 

== (Bnr?)- Br2r— 
a ) dt 


= 0.025 хлх2х2х102х1х10° 
=пх10%У=л рУ 


39. (a): Неге, а = 4.9 т 52, t=2s,u=0, 


веша 
2 


520454 9% (2) =98т 


This is the height from where stone is dropped 
Upward velocity of stone when released, 
о=и+а! =0+4.9х2 =9.8 ms! 
The stone will move up till its velocity become 
zero. 
From, 02 — u? = 2as 
0- (9.8)? = 2(-9.8)s’ . s'-49m 
Maximum height above the ground 
-s*s-798m-*49m-147m 


2 
p 10x10 m 

40. (d) : Initial kinetic energy om" XP 10J 

Impulse = p,- p, =F x t 

рь -10= 0.2 х 10 or р, = 12 крт! 
2 12х12 
Final kinetic energy = 22. = 2-2 2344] 
2m 2х5 

Increase in kinetic energy = 14.4] - 10] = 4.4 J 
41. (c) : At the lowest point, mt =T; -mg E 

At the highest point, = =Ty +mg й) 


~ TL =2Тн 


As according to question, constant speed is 
maintained, therefore from equations (i) and (ii), 
we get 
T, - mg = T, + mg 
2Тн - mg = Tu * mg 

Tu =2mg 


; T то? 
From equation (ii), —— = Зт ог A 
42. (c) : Here, mass of block, m = 1 kg 
Volume of a block, V =3.6 x 10 m? 
Tension in the string, T = mg 
When a block is immersed completely in water, 
its weight becomes 
mg’ = mg - Upthrust 
= mg - VP water 
Tension in the string, T = mg’ 
= mg — Урныы& 
Decrease in the tension of the string = T – T^ 
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= mg — [mg — VP water8] = Vua 
= (3.6 х 10+ m?) x (10° x kg m?) x (10m s?) 
=3.6N 

43. (a) : According to Cartesian sign convention 


Object distance, и = -15 cm 


Focal length, /=-10ст 

Using mirror formula 
Em 1 
"vf (c 0) 
i. 4 3 cd 2d 


27010) 15) C19 05 
or v=-30cm 


The image is 30 cm from the mirror on the same 
side of the object. 


-30 cm) 


Magnification, m = 


u (715 ст) 
The image is magnified, real and inverted. 
44. (b): Here, v=3 x 10 m s” 
B-2x10* Wbm?-2x10*T 


R=6cm= 6x10? m 
As Be or Lat 
Substituting "n. given values, we get 
q 3x10* 
m^ 251016102 = 025* 10? C kg! 
=2.5 х 10" C kg 


45. (а) : Area of a square loop, А = 10 cm x 10 ст 
A = 100 cm? = 100 x 10-4 m? = 102 m? 
Initial magnetic flux linked with the loop 

6 = В, Асозф = 0.1 x 10? х cos45* 
01x10? x1 10? wh 
UB 4" 

Final magnetic flux linked with loop 

$;-0Wb [2 

The induced emf in the loop is 


В =0) 


07 07х02 
The induced current in the loop is 


= 102ү 
R 


210? A=1.0 mA 


1Q 
ни 


A boy moves along x-axis. What is the sign of his 

acceleration in the following cases? 

(a) If he is moving in the positive direction with 
increasing speed 

(b) If he is moving in the positive direction with 
decreasing speed 

(c) If he is moving in the negative direction with 
increasing speed 

(d) If he is moving in the negative direction with 
decreasing speed. 

Given figure shows a graph of the magnitude of 

B versus time ! for a magnetic field that passes 

througha fixed loop and is oriented perpendicular 

to the plane of the loop. The magnitude of the 

emf produced in the loop at three equal instants 

indicated P, Q and R. Mark the point at which 

smallest to largest emf. 


B 


(a) R>Q>P (b) Q>R>P 
(© P>Q>R (d) Q=R>P 


A large truck and a small car collide and stick 
together. Which one undergoes the larger change 
in momentum? 


(a) The car. (b) The truck. 
(©) The momentum change is the same for both 
vehicles. 


(d) You can't tell, without knowing the final 
velocity of the combined masses. 

A mass m undergoes circular motion close to the 

earth’s surface. The speed of the mass is constant. 

Considering only the information given and 


making no further assumptions about the system, 

which of the following statements is definitely 

true? 

(a) The acceleration of the mass is zero because 
its speed is constant. 

(b) The force on the mass is directed radially 
outward away from the centre of circular 
motion. 

(c) The force on the mass is directed radially 

outwards. The acceleration is radially inwards 

towards the centre of circular motion. 

Both the net force and net acceleration are 

radially inwards. 


(d 


An object hangs motionless from a spring. When 

the object is pulled down, the sum of the elastic 

potential energy of the spring and the gravitational 

potential energy of the object and Earth 

(a) increases (b) decreases 

(c) stays the same 

(d) can either increase or decrease depending on 
the spring constant. 

A person at a distance R from the centre of the 

earth (where К is greater than the radius of 

the earth) is attracted towards the earth by a 

gravitational force of 400 Newton. How far away 

from the centre of the earth must the person be for 

the gravitational force to be 100 Newton? 

(a) iR (b) iR (c) 2R (d) 4R 

Colin claims to have invented a machine that 

removes heat energy from the air and converts it 

into electricity. The entire machine is at the same 

temperature as the surrounding air and does 

not have an external power supply. Can Colin's 

machine work? 

(a) Yes, it can. 

(b) No, it cannot, because there is no electricity in 
the air. 
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(© No, it cannot, because there will be no net flow 
of energy from the air into a machine at the 
same temperature. 

(d) No, it cannot, because it would violate 
conservation of energy. 


Thefigureshowsanoverhead view of a meter stick 
that can pivot about the point indicated, which is 
to the left of the stick's midpoint. Two horizontal 
forces, Ё and Å, are applied to the stick. Only 
Ё is shown. Force № is perpendicular to the 


stick and is applied at the right end. If the stick is 
not to turn, 


(a) what should be the direction of F, , and 


(b) should F, be greater than, less than, or equal 
to F,? 


x point 


1. 


If the signs of the velocity and acceleration of the 
boy are the same, the speed of the boy increases. 
If the signs are opposite, the speed decreases. 
Hence (a) positive, (b) negative, (c) negative and 
(d) positive, 


B 
G 


(b): a PS 
Е i 


р 
i 
E 


t 


Magnitude of emf, |e l= 2 E E (^67 ВА) 


(As area of the loop is constant) 
(Slope of graph) 
dB dB| 
LT > 
dticu Ер 
lel g> 11, > lel 
(с) : As the total momentum has to remain the 
same, whatever be the change in momentum of 
the truck will be equal and opposite to that of the 


саг. Their magnitudes of change of momentum 
will be the same. 


18 PHYSICS FOR YOU | FEBRUARY "14 


4. 


5. 


8. 


"(e 


For circular motion taking place in the inertial 
frame, one takes centripetal force where one 
assumes the force and the acceleration is always 
acting towards the centre. 


= 


(a) 


Potential energy of the spring is ie The 


potential energy of the spring increases with 
increase in x. The loss of potential energy by 
decrease in height is more than compensated by 
the spring. That is why it is pulled back. 


(c) : The force due to gravity is given by 


GMm 
p= Mm, 
As G, M and m do not change, one can write an 
Я i 2 СМт : 
equation for the first force F, =“ ra wi) 
1 
and the second force F, = СМ", NT 


where R, and R, are the respective distances. 
Dividing (i) by (ii), we get the ratio 


2 
В (Ro | .400N 4 
BOR | 


Thus, R,=2R,=2R. 


(c) : Energy can be converted from one form to 
another, hence there is no need for there to be 
electricity in the air, and conservation of energy 
need not be violated. Heat energy can be converted 
into electrical energy. To take energy out of the air 
and into the machine requires the machine to be 
cooler than the air, otherwise there will be no net 
flow of heat. 

(a) Е, must act downward in the figure (t,,, = 0) 
(b) F, should be less than F, to maintain the stick 


in balance. 
LL] 
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Ж Ж Ж 


NCERT Xtract 


Questions for Medical/ 
Engineering Entrance Exams 


1. Inanatom, electrons revolves around the nucleus (c) slightly less than its steady current 
along a path of radius 0.72 А making 9.4 х 1018 (d) zero 
'evolution per second. The equivalent current is 
(cesis iUe) T е | 6. Inthe circuit shown below, the resistances Ry and 
(а) 12А (b) L5A (с) 14А (d) 18А R, are respectively 
2. A battery of emf 15 V and internal resistance of К] 
4 Q is connected to a resistor. If the current 05A 
in the circuit is 2 A and the circuit is closed. к): 200 
Resistance of the resistor and terminal voltage 
of the battery will be 1A 
(а) 2.52,6V (b 3.5 9,6 V 69V 
(9:288. 7V (90:850077 (а) 149 апі 4090 (Ы) 40Q and 14 Q 
3. Biot-Savartlaw indicates that the moving electrons (c) 40 Q and 30 Q (d) 14 Q and 30 Q 
locity v) prod tic field B such 
Mm Jo) producea magnet. Held Ваше | 9 4 eplindiioal cod ia reformed io half fiir original 
length keeping volume constant. If its resistance 
(a) Blo A 4 
(b Billo before this change were R, then the resistance 


(c) it obeys inverse cube law after reformation of rod will be 


(d) it is along the line joining the electron and (a) R (b) R © ЗК ак 
point of observation. 4 4 2 

4. The resistance of the wire in the platinum resistance | & А current carrying wire in the shape of a circle 
thermometer at ice point is 5 © and at steam point as the current progresses along the wire the 
is 5.25 Q. When the thermometer is inserted in direction of current density changes in an exact 
an unknown hot bath its resistance is found to manner while the current I remains unaffected. 
be 5.5 Q. The temperature of the hot bath is The responsible factor for it is 
(a) 100°C (b) 200°C (c) 300°C (d) 350°C (a) the charges ahead. 

5. Ап electric heater is connected to the voltage (b) ‘electric field produced by charges accumulated 
supply. After few seconds, current get its steady on the surface of wire. 
value then its initial current will be (c) the charges just behind a given segment of wire 
(a) equal to its steady current which push them, right away by repulsion. 
(b) slightly higher than its steady current (d) none of these. 
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9 


10. 


n 


12. 


13. 


14. 


А and B are two points on a 
uniform ring of resistance 15 ©. 
The ZAOB = 45°. The equivalent 
resistance between A and B is 
(a) 1.642 

(b) 2.842 

(c) 4.572 

(d) 2640 


A cell having an emf ғ and internal resistance 
ris connected across a variable external resistance 
R. As the resistance R is increased, the plot of 
potential difference V across R is given by 


R 

When a current of 2 A flows in a battery from 
negative to positive terminal, the potential 
difference across itis 12 V. If a current of 3A flowing 
in the opposite direction produces a potential 
difference of 15 V, the emf of the battery is 

(а) 126 V (b) 132 V (c) 155 V (d) 14 V 


In the circuit shown in figure, heat developed 
across 2 Q, 4 Q and 3 Q resistances are in the ratio of 


(a) 2:4:3 20 

(b) 8:4:12 зо 
(© 4:8:27 , 
(d) 8:4:27 


A current of 6 A enters 


6A 
one corner P of an 

equilateral triangle 

PQR having 3 wires of P 
resistances 2 Q each and hy bo 
leaves by the corner R. 29 ao 
Then the currents /, and 

1, are А R 
(а) 2A,4A (b) 4A,2A 

(©) 1A,2A (d) 2A,3A 


Three resistances 2 Q, 4 Q, 5 © are combined 
in series and this combination is connected to 
a battery of 12 V emf and negligible internal 
resistance. The potential drop across these 
resistances are respectively 

(а) (545, 4.36, 2.18) V (b) (2.18, 5.45, 4.36) V 
(c) (4.36, 2.18, 545) V (d) (2.18, 4.36, 545) V 


35. 


16. 


17. 


18. 


19. 


20. 


21. 


A copper cylindrical tube has inner radius a and 
outer radius b. The resistivity is p. The resistance 
of the cylinder between the two ends is 


pl -——— 
® l2 O ne-a 
pl a (b? =a?) 
9 n(b? - a?) e pl 


Space between two concentric 


spheres of radii r, and r» such 
that r; < r is filled with a 
material of resistivity p. 

Find the resistance between 


CÒ 


inner and outer surface of the material. 


n 

@ 1 ы 22 

(0 12р. (d) none of these 
n-nán 


If voltage across a bulb rated 220 V, 100 W drops 
by 2.5% of its rated value, the percentage of the 
rated value by which the power would decrease 


is 

(а) 20% (b) 25% (c) 5% (d) 10% 
Four resistors are connected as shown in the 
figure. A 6 V battery of negligible resistance is 


connected across terminals A and C. The potential 
difference across terminals B and D will be 


so^iso ED 


(b 15У (92V (@ 3V. 


n resistors each of resistance R first combine to give 
maximum effective resistance and then combine 
to give minimum effective resistance. The ratio 
of the maximum to minimum resistance is 

(a) n b) отл (d) 


The resistivity of alloy manganin is 
(a) Nearly independent of temperature 

(b) Increases rapidly with increase in 
temperature 

Decreases with increase in temperature 
Increases rapidly with decrease in 
temperature 


(a) zero 


(9 
(9) 


A current of 8 A flows in a system of resistors as 
shown in figure. The potential difference Ve — Ух 
will be 
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Ey (b 66V (с) 33V (d) 99V 


@ 5 


. A potentiometer wire of length 100 cm has 


24. 


а resistance of 10 ©. It is connected in series 

with a resistance and а cell of emf 2 V and of 

negligible internal resistance. A source of emf 

10 mV is balanced against a length of 40 cm of 

the potentiometer wire. What is the value of 

external resistance ? 

(а) 7902 (b) 8900 (© 9909 (d) 10902 

A boy has two spare light bulbs in his drawer. 

One is marked 240 V and 100 W and the other is 

marked 240 V and 60 W. Which of the following 

statements are correct about the light bulbs? 

(а) The 60 W light bulb has more resistance and 
therefore burns less brightly. 

(b) The 60 W light bulb has less resistance and 
therefore burns less brightly. 

(c) The 100 W bulb has more resistance and 
therefore burns more brightly. 

(d) The 100 W bulb has less resistance and 
therefore burns less brightly. 

A battery, an open switch and a resistor are 

connected in series as shown below. Consider the 

following three statements concerning the circuit. 

A voltmeter will read zero if it is connected across 


points P Q 
(i) Рапат tl 

(ii) P and Q T 
(iii) Q and T 


Which one of the above is/are true? 
(a) only (i) (b) only (iii) 
(©) only (i) and (ii) (9) (i), (ii) and (ій) 


. In a potentiometer a cell of emf 1.5 V gives a 


26. 


balanced point at 32 cm length of the wire. If the 
cell is replaced by another cell then the balance 
point shifts to 65 cm then the emf of second cell is 
(а) 3.05 V (b) 2.05 V (c) 4.05 V (d) 605 V 


In a potentiometer the balancing with a cell is 
at length of 220 cm. On shunting the cell with 
a resistance of 3 Q balance length becomes 
130 cm. What is the internal resistance of this 
cell ? 

(a) 452 


(b 789 (o) 639 (d) 2080 
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| 27. 


29. 


In a closed circuit, the current I (in ampere) 
at an instant of time f (in seconds) is given by 
1 = 4- 0.08t. The number of electrons flowing in 
50 s through the cross-section of the conductor is 
(а) 125 x 109 (b) 6.25 x 1020 
(с) 5.25 x 10” (d) 2.55 x 1020 


. Two cells c, and e; connected in opposite to each 


other as shown in figure. The cell ғ; is of emf 
9 V and internal resistance 3 Q the cell £, is of 
emf7 V and internal resistance 7 ©. The potential 
difference between the points A and В is 
| 

а 5 


(a) 84V (b) 56V (© 78V (d)66V 


A wire connected in the left gap of a meter bridge 
balance a 10 Q resistance in the right gap to a 
point which divides the bridge wire in the ratio 
3:2. If the length of the wire is 1 m. The length 
of one ohm wire is 
(a) 0.057 т 

(©) 037 m 


(b) 0.067 m 
(d) 0.134 m 


. Three resistors of resistances 3 Q, 4 Q and 5 Q 


are combined in parallel. This combination is 
connected to a battery of emf 12 V and negligible 
internal resistance, the current through each 
resistor in ampere are respectively 
(а) 43,24 (b) 8,7, 3.4 
(© 2,5, 18 (d) 5,5, 82 


SOLUTION 


1. 


2. 


(b): Radius of electron orbit, r = 0.72 А 

= 0.72х 10-10 m 
Frequency of revolution of electron in orbit of 
given atom 


- Е 9.4 х 1078 rev/s 


(where T is time period of revolution of electron 
in orbit) 
^ Then equivalent current is 


I= T = ev = 1.6 х 10-19 х 9.4 х 1018 = 1.504 А 


(d): Given, = = 15 V, г= 40, /=2 А 
Now, Юг resistance of the resistors 


5-2x*x4-2xR,15-8-2R 


rd 
R= 5 =3.5 Q. 
‘Terminal voltage of battery 
V-IR-2x35-7V 


(а) 
(b): Here, Ry = 5 Q, Кю = 5.25 Q 
R,-559 
As В, = R(1* Gt). Rio = Ro(1 + 9100) 

-Ro-Ro -0 
Ry x100 

Let the temperature of hot bath be РС 

= Ro(1 + at) 


NT 
Equating equations (i) and (ii), we get 
Rioo = Ко _ Ri ~ Ro 
Ry x100  Rxt 
R, -Ro 55-5 
t= x100- 27 7 x 100 
Rio Rp 525-5 * 
= 95. 199 = 200° 
7025" 100 = 200°C 
(a): When the heater is connected to the supply 
its initial current will be slightly higher than 
its steady value but due to heating effect of the 
current the temperature will rise. This cause an 
increase in resistance and a slight decrease in 
current to steady current. 
(a): Potential difference across 20 © = 20 x 1 
= 20 V = potential difference across Rz. 
Current іп К, = 0.5 А 
20V 
05A 
Potential difference across К, = 69 V — 20 V = 49 V. 


Resistance R, = = 40 Q. 


Current in В, =05А+10+1А=35 А. 


= 49 _ 
к= 3-40 
(b): The resistance of rod before reformation 
к= к= Ph [. рі pl. 
nr? A nr? 
1 
Now the rod is reformed such that 


пи, = пи, 
(Given : volume remains constant) 


2 
or ль .) 
Joh 
L 
Now R= Pa 
тӯ 


Ph /5 
2 
b 


9r (using (i) 


(b): The direction of current density is the direction 
of flow of positive charge in the circuit which is 
possible due to electric field produced by charges 
accumulated on the surface of wire. 


(a): Resistance per unit length of ring, 


2nr 
Length of sections ADB and АСВ are r6 and 
"Оп 0) 


a zh. ga B 
2nr 2n 
and resistance of section АСВ, R, = pr(2x – 0) 


= rene) = 01-0) 


Now, R, and К, are connected in parallel between 
A and B then 


Ro, R2n- 0) 
22x" 2m 
7 Re, RQx-9) 
2л * 27 
R6 x R(2n- 0) 
__ Quy 
^ КӨ + R(2n-6) 
2x 
_ Re(2n - 6) 
"ma 


Putting 0 = 45° = dnd and R=15Q 


А is Ran] 150) 
y= 404 
ат "m 
-~ ото 
64 
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п. 


1. 


13. 


24 


Current іп the circuit, 
Е 
1= 


Potential difference across К, 


vene 


у= 


r 
1+ R 
When R = 0, V=0 
К= =, У=Е 
(b): Let emf be є and internal resistance be r of 
the battery. 
In first case, 
12-e-2r NO) 
In second case, 
15 =Е+ 3" 
Substract (ii) from (i), we get 


3 
r=59 


Ail) 


Putting this value of r in eqn. (i), we get 


194. 2%3_ 6046 _ 66 . 
e= 124 223.0026. -132V 


(d): Current through 2 Q, 1, x 
Heat produced per second, 

H, ibas (2j 8 
Current through 40,1, = i 
Heat produced per second 
bas] а-а 


3 
Current through 3 Q, = I 


H. 


2 
Heat produced H; = Ê х 3 = 312 .Zr 


Hy: Hy: Hy78:4:27. 


(a): em 
h Sd 

20 20 

рт: 
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15. 


Applying Kirchhoff's first law at the junction 
P, we get 

6=h+h s) 
Applying Kirchhoff’s second law to the closed 
loop PQRP, we get 

-2h -21+25=0 or, 2I, *2I; - 21, - 0 
or, 4l, - 21 - 0 .. Gi) 
Solve (i) and (ii), we get 

572A, h=4A 


. (d): 


20 4Q 


D 
12V 
Let current in the circuit is /. Then total resistance 
in the circuit 
К= К+ В, +В, =2+4+5=11 


V-IR 
von 
I= R74 


The potential drop across 2 Q resistance 
12 
Vn IR, 10 X27 218V 
The potential drop across 4 Q resistance 
у, = IR = E x4- 436 V 
The potential drop across 5 Q resistance 
V3 = IRs = g x5=5.45V 


Hence (И, Vy V.) = (2.18, 4.36, 545) V 


(c) : If one had considered a solid cylinder of 

radius b, one can suppose that it is made of two 

concentric cylinders of radius а and the outer 

part, joined along the length concentrically one 

inside the other. 

If I, and І, are the currents flowing through the 

inner and outer cylinders I, I, = 1, + Iy 
УММ 
R, К, И R; 

where К, is the total resistance and R, is the 


resistance of the tubular part. 


16. 


17. 


18. 


19. 


(b): Since R= 
dl 
An 
(where | is any radius and dl is small element). 

Total resistance, 


-£j£- 2T -2 e[1 1] 
nye axl Ti, mmn n 
п 


R=| 274 
nn 


~ dRz2p——. 


2 

(©): Power, P= T 

As the resistance of the bulb is constant 
АР _ 2АУ 


Py 
% decrease in power = ар х100= ay x 100 


= 2 х 2.5% = 5% 


(a): The given figure is a circuit of balanced 
Wheatstone bridge as shown in the figure. 


B 
509, 159 
А G 
09 N/ 309 
D 
6V 


Points B and D would be at the same potential, 
ie, Vy - Vp = 0 volt 
(b): To get maximum equivalent resistance all 
resistances must be connected in series 

(Rey)max = R +R + R +... nR. = nR 
To get minimum equivalent resistance all 
resistances must be connected in parallel. 

1 1.1 1 


add d 
(Ramin R К Un 
— 1 
Ramin R 
RoR a (R, атах _ nR e 
= Харап o7 (Radmin RINT 


. (a) 
21. 


(b): Let 7 be the current flowing through arm 
РАВ, then the current flowing through DCB will 
be (8-1) 


Then, /(5 + 6) 


= (8-1 (4*2) 
111 =8х6- 61 
1= ЗА 

17 


Voltage across 5 Q resistance 
Vo- Va=Ix R= 495-20 у ES 
A 17 
Voltage across 4 Q resistance 
-Ve = (8-0) х4 
Subtracting (ii) from (i) we get, (di) 
Vo- V, - (Vo- Vc) = 240 _ 382 
=> У.-У=-6.6У 
= Ve-Va- 66V 
(a): The current in the potentiometer wire AC 
is 
— 
10+К 


10ту G 


Al 40 cm. 


2V 
The potential difference across the potentiometer 
wire is 


1 52, 
У = current х resistance = тур х10 


The length of the wire is [= 100 cm. 
So, the potential gradient along the wire is 
xi al. 2 ) 20. Е 
АЕ (к *109 E 
‘Thesourceofemf10mVisbalanced againstalengthof 
40 cm of the potentiometer wire 
ie. 10 x 10° =k x 40 
2 „0 
700-3)" 


or К=790 ©. 


ог 10х10 = 


(Using (1) 


. (a): When the same potential difference, 


that is the voltage, is applied as in houses, 


V 
zVI2—. 
power R 


The smaller resistance consumes greater power. 
Here 100 W bulb has less resistance. It should 
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24. 


26. 


27. 


glow more brightly. The 60 W bulb has more 
resistance and therefore burns less brightly. 


(c) : When the switch is not closed, a voltmeter 
connected across P and T will not show any 
potential difference. Between Q and T also there 
is no potential difference because circuit is not 
complete. 

Therefore in both the cases, 44.4, 9 
the voltmeter will read zero. 

Between P and О, the emf of rue T 

the battery will be given. 


. (a): Here, in the balance condition of potentiometer 


a 


е 5 
£j = L5 V, h = 32 ст, h = 65 ст 
1, 
а= хт 


65 _ 
= 15x35 =3.05V 


(d): Here, /, = 220 ст, h = 130 ст, R=3 Q 


y 


(b): Let the number of electrons = № 
124-0.08/A 


1-6 
Internal resistance, r = |1722 
2 


-(Eore x3-2080 


130 


dQ = 
or Fp =4-008t А or Q= [(4-0.080)dt C 
0 


26 
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oos? |” 
or nefa- E [=e 
or Nal 0 _ 69519 
е 156х109 
(9:12 —8€--9-7..2 -02А 


п+ь 347 10 
Potential difference across £ = 9 - 0.2 х 3 
=9- 0.6 
=84V 
Potential difference across £, 


Vp =2 +1172 
=7+02х7=7+14 


(b): Неге, &-3, s = 10 
sa 5=109 


а Ань 
R= 2 х5=3х10=150 

As the length of wire is 1 m. 
length of one ohm wire = 1/15 = 0.067 m 


(а): Since the voltage across the circuit is 
constant. 
Then current through 3 Q resistor 


У 12 
h* R73 74A 
The current through 4 Q resistor 
v.m, 
h= pR 5473A 
and the current through 5 Q resistor, 
y a2. 
hey 5 724A 
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|UNIT-7| T: 7 Magnetic Effects of Current and Magnetism | Electromagnetic Induction and AC | Electromagnetic Waves 


MAGNETIC FIELD 
A magnet attracts small pieces of iron, cobalt, nickel etc. 
The space around a magnet within which its influence 
can be experience is called its magnetic field. 
In 1820 Christian Oersted rediscovered; magnetic 
field is associated with electric current (i.e, moving, 
charges) and described as 
О A moving charge or a current gets up creates а 
magnetic field in the space surrounding it. 
2 The magnetic field exerts a force on a moving 
charge or a current in the field. 
Magnetic field is denoted by symbol B. It is also called 
magnetic induction or magnetic flux density. 
Magnetic field is a vector quantity and its dimensional 
formula is [МОТА]. 
The SI unit of magnetic field is tesla (T) or 
weber metre? (Wb m°). The CGS unit of magnetic 
field is gauss (С). 
1T=10'G 
Conventionally, the direction of the field perpendicular 
to the plane of the paper is represented by ® if into 
the page, and by © if out of the page. 


BIOT SAVART'S LAW 
To find the magnetic field at any point was first explained 
by Iean Biot (1774-1862) and Felix Savart (1791-1841) and 
proved it to be true in case of a straight conductor. 
According to Biot Savart law, if 
dB is the magnetic field at point 

P, distant r from currentelement ©: 
dl, then d 
О dBæl 

О dBædl 

О В это 


о dB} 
m 


Combining all these factors, 
we get, 


dB« 159 


Меп о gp = кто 
A 

Here, K is proportionality constant and depends 

upon. 

2 the medium in which the conductor is placed. 

2 the system of units selected. 


For space and SI units. 


Ke =107 7T m A^ (or Wb тА!) 


Here цо is a constant called permeability of free 
space. 
_ № 
aB= 45. 
In vector form, 
ap Ho (GL x?) 
4n r 
Few points on Biot-Savart's law 
О This law is applicable only to infinitesimally small 
conductors. 
This law is analoyous to coulomb’s law in 
electrostatics and as such is of fundamental 
importance. 
Applying the right hand rule for the vector product 
of two vectors. We find that dBis perpendicular to 
the plane containing d/ and 7 is directed inwards . 
The situation is represented by a cross ®. 
For a point P’ on the other side of di, the magnetic 
field dBis perpendicular to the plane of the 
upper and directed outwards. This situation is 
represented by a dot © . 


ldirsin 
P 


о 
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Just as the electric field produced by a charge 
distribution is the vector sum of the fields produced 
by the charges within the distribution, the magnetic 
field of any distribution of electric currents is the 
vector sum of the fields produced by small elements 


О Ata point not exactly in front |--- 


of that current distribution, i.e., B = Y dB. 
Applications of Biot Savart's Law 


Magnetic field due to a straight current carrying wire 


of finite length 

Suppose a straight current 
carrying wire AB, carrying 
current І, lies in the plane 
of the paper. 

The magnetic field at point P 
due to the wire is given by 


Mol i 
В = —-[sin6, + sin. 
da, Oe 2] 


Special cases: 


Q 


28 


For the wire of infinite length 


Magnetic field at a point on the line of current 
If a point lies on the line of current carrying wire 
then magnetic field at this point is always zero. 
B-0 I B=0 
Q E 
At point exactly in front of one end of 
semi-infinite wire = 


n 


Here 0, 20 and Ө, = 


N| 


p- Hol 
алғ 


On perpendicular bisector of finite length 
à — length of the wire 


d — perpendicular distance 
of the field point 


Then, 
sind, = sin0, = ——^. 
a? +44? 
а 
pg-Hol 2a — 
And Ja? + 44? 
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oftheendofasemiinfinitewire |. 
Here 6, = a and 6, = 


I 
B= Ho. (1+ sing) 
anr 
Illustration 1 : Find the magnetic field at point P 
shown in figure, the point P is on the bisector of 
angle between the wire. 


Soln.: Assume PO = x, so 

РО = хѕіп(0/2) 
Magnetic field В at P due to 
either segment of wire is, 


[o 


uA ] 
masina / yL * °° 2 


. Net magnetic field at P is ntes 


m 3] 
masina 2) [| * 992 


Bret = 


Magnetic field due to a circular arc at the centre 
(Subtending an angle 0 at the centre) 

Consider a current element that subtends an angle 0 
as shown in figure. Magnetic field due to this element 


is 1 
пою E N 
B=—— ® 
4nR ө 


XR 


Special case : 


О Magnetic field at the centre of a loop 


Here the loop makes an angle 


Ө = 2л at the centre 
m 
2R 


. B= 


О Magnetic field at any point on 


the axis of a circular current carrying coil 
Consider a circular conducting coil of radius R 
carrying current I. The loop lies on yz plane and 
its axis lies on x axis. 

From the symmetry of the system it can be seen 


that diametrically opposite elements contribute 
to cancel the perpendicular components whereas 
parallel components are added up. 


y 
B= [dBcoso 
Therefore the magnetic field at the distance x is 
"nanus 
XR? "E 
Note 
O This magnetic field is directed along the axis of 
ring. 
О  Thefield strength is maximum at the centre (where 
х=0) 1 
Magnetic field at the centre, В = 


ц IR 
О At very large distance when x »» R, B=—29—— 
Illustration 2: A conducting ring of radius r having 
charge q is rotating with angular velocity о about its 
axis. Find the magnetic field at the centre of ring. 


Soln.: Current in ring, [= 99 > 
2 


Magnetic field B= 


= в- 0 
Anr 
Illustration 3 : Find magnetic field at O, by the 
system of current carrying wire. 


Soln.: As in figure, Во = Вдв + Ввсо + ВЕ 


> Ay =( dne» 


4R 4nR 


Magnetic Field Due to a Solenoid 

A solenoid is a long cylindrical helix, which is obtained 
by winding closely a large number of turns of insulated 
wire over a tube of cardboard. When electric current 
is passed through it, a magnetic field is produced 
around and within the solenoid. 

The magnetic field at a point P is given by 


цоп 
E^ 
which is directed along the axis. 

where n is the number of turns per unit length. 


[sin, + sin8,] 


Special cases : 

О For ideal solenoid (i.e. solenoid of infinite 
length) К << L 
=> By, = щи (ie. same everywhere) 
О Semi-infinitely long solenoid at the end 


p= Ho! | ino: + sin z) = Hon! 
2 z 2 


AMPERE'S CIRCUITAL LAW 
Ampere’s circuital law is an alternative form of Biot- 
Savart law in magnetostatics. Ampere's circuital law 
gives a relation between the line integral of a magnetic 
field В and the total current Г which produces this 
field. 
This law states that "the line integral of the 
magnetic field B around any closed circuit is equal to 
Hp (permeability constant) times the total current I 
passing through this closed circuit". 
Mathematically, 

$B-dl = pol 
In a simplified form, This law states that if field В 
is directed along the tangent to every point on the 
perimeter L of a closed curve and its magnitude is 
constant along the curve, then, 

BL = wl 
Where is the net current on closed by the closed circuit. 
The closed curve is called Amperean loop which is a 
geometrical entity and not a real wire loop. 


Applications of Ampere's Law 


Magnetic field due to infinite long cylindrical shell 


In a infinitely long cylindrical shell carrying current 
1 along the length and having inner and outer radii 
a and b respectively, the magnetic field at a point P 
at a distance 
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Magnetic field due to toroid 
Toroid is a structure formed 
by joining solenoid end to 
end. 
The magnetic field at a point 
P at a distance г from the 
centre is given Бу 

p NT 

2nr 

М > Total number of turns. 


Illustration 4 : Suppose that the current density 
in a wire of radius a varies with r according to 
Kr? where K is a constant and r is the distance 
from the axis of the wire. Find the magnetic field 
at a point at the distance r from the axis when 
(i) r <a and (ii) r >a. 

Soln.: Choose a circular path centered on the 
conductor's axis and apply Ampere's law. 

(i) To find the current through the area enclosed by 
the path 


dI = JAA =(Kr?)(2nrdr 
лк 


р 
ie, = K[2nrdr = 
o 


G) Since фВ-аГ =pl 
A 3 
> Ban = Wy > в- ШГ 


(ii) If r»a, then net current through the Amperian 
loop is 

а 4 
1 = fKr? 2nrdr = E 
= 2 


4 
Therefore B= PE 
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MOTION OF CHARGED PARTICLES IN MAGNETIC FIELD 
The electric charges moving in a magnetic field 
experience a force, while there is no such force on 
static charges. It was first recognized by Hendrik 
Antoon Lorentz. 

When a charged particle of charge q, moving with 
velocity 5 in a uniform magnetic field В, the force 
acting on it is F = (0х B) or F = доВѕіпӨ. 

Here, 0 is angle between 2 and В. 

The direction of Fis perpendicular to both 2 and B. 


Cases of Projection : 


о 


о 


— > 
Case I: If velocity of charge — 7, 
particle 5 is parallel to В, 10? > 
then ————— P 


F = доВѕіп0° > F=0 
The particle goes undeflected. 


Case II : If velocity of charge particle ? is 
perpendicular to B, then charge particle moves 
in a circular trajectory. 

F = quBsin90* > F = quB 
As path of charged particle in magnetic field is 
circular, we have 
то? 
R 
Therefore, 
Radius of circle 
mv 
D 
Angular velocity 
n 


B 


R= 


Е т 
Time period 

2r _ 2лт 
Test 
Frequency of revolution 
E 
2лт 


Case Ш : If velocity 5 is at angle 0 to B, then ће 
charge particle moves in helix. 

Component of velocity parallel to magnetic 
field (vcos0) remains constant and component 
perpendicular to magnetic field (vsin8) is 
responsible for circular motion. Thus 

Radius of helix 


Р 2 
mosinoy _ q(vsin6)B. 
R 
p= "sing 
qB 


O Time period of revolution 
_ лв 
vsin® 


тоѕіпӨ 
^^ вв 2 
ТЕ E vou pim 
vsinó qB 
Q Pitch of helix 
Py = (vc0s6)(T) 


2лт 
= Dow (24 
^i = (060$ ( | 


_ 2nmvcos 
qB 


Lorentz Force 

The total force experienced by a charged particle 
moving in a region where both electric and magnetic 
fields are present, is called Lorentz force. 

A charge q in an electric field Ё experiences the electric 
force, Ё = qE. 

Ё is independent of whether the charge q itself is 
moving or not. 

Now, Magnetic force, Е, = (5x B) 

Thus, total force or the Lorentz force, experienced 
by the charge q due to both electric and magnetic 
fields is given by 

P=È +F, =q(E+6xB). 
Illustration 5 : From the surface of a round wire 
of radius a carrying a direct current Г an electron 
escapes with a velocity v; perpendicular to the 
surface. Find what will be the maximum distance 
of the electron from the axis of the wire before it 
turns back due to the action of the magnetic field 
generated by the current. 


Soln: Here B, = f 
PE i 
and Bp = 06 


Assume velocity of 
electron at P is 


vp - ol +o) 


The magnetic force on the electron at point P 
ей 5s Nl Hot i) 
F-q(?xB)- (~i + x {tobi 

HOPI AG MOANA s 


Ceol етуг з 
2nx 2nx 


=> F=- 


ев 
* 2nx *om 2лтх 
enol 
2nmx 
еШ dx 
2nm x 


E 
Hole 


> Xnax =e 


FORCE ON A CURRENT CARRYING CONDUCTOR IN 
A MAGNETIC FIELD 

If a conductor carrying a current as placed in an 
external magnetic field. It experiences a mechanical 
force. 

Force on current element 14, if placed in a magnetic 
field B is given by 

dF = I(di x B) 


me oF 


Direction of magnetic force is determined by Fleming's 
left hand rule. 
Total force on current carrying conductor of any 


arbitrary shape in uniform magnetic field B is 
F= fidi x B)=1(Jdi)x B=1(7 xB) 


Illustration 6 : A straight wire of mass 200 g and 
length 1.5 m carries a current of 2 A. It is suspended 
in mid-air by a uniform horizontal magnetic field B. 
What is the magnitude of the magnetic field? 


Soln.: We have that of mid-air suspension 
mg = ИВ 
pane LLL d 
n^ 2x15 
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Force between Two Infinite Parallel Current 
Carrying Conductor 

Two current carrying straight conductors if placed 
close to each other, they will exert (magnetic) force 
on each other. 


Figure shows two long parallel conductors a and b 
separated by a distance d and carrying currents І, and 
1, respectively. The conductor a produces a magnetic 
field B, at all points along the conductor b. The right 
hand rule (figure) tells us that the direction of this 
field is downwards. Its magnitude is given by or from 
Ampere's circuital law, 
= Bol 
a= nd 
The conductor b will experience a sideways force on 
account of the external field B,. The direction of this 
force is towards the conductor a. The magnitude of 
this force is given by 
IL 
Fy = 1,LB, = foe 
and force per unit length is 
Molly 
Soa = а 

Parallel currents attract, and anti-parallel currents 
repel. 

Illustration 7 : The horizontal component of the 

earth’s magnetic field at a certain place is 3 х 105 T 

and the direction of the field is from the geographic 

south to the geographic north. A very long straight 

conductor is carrying a steady current of 1 A. 

What is the force per unit length on it when it is 

placed on a horizontal table and the direction of 

the current is 

(a) east to west (b) south to north? 

Soln: F=I(LxB) 

F = ILB sin8 
The force per unit length is 


F 
= — =1В;т0 
fap=lBsin 
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(a) When the current is flowing from east to west, 
Ө = 90° 
Hence, f = IB = 1 х 3 х 105 = 3 х 105 N тт! 
The direction of the force is downwards. This 
direction may be obtained either by Fleming's 
left hand rule or the directional property of cross 
product of vectors. 
(b) When the current is flowing from south to north, 
9-0 = f-0 
Hence no force per unit length on the conductor. 
TORQUE ON A CURRENT CARRYING LOOP 
We take uniform magnetic field in each case. 
О Case I: When plane of the loop is perpendicular 
to magnetic field 
Length of AB = DC = І and that of BC = Ар = b 
Force experienced by all the sides are shown in 


the figure. 
Bil 
if 
A B Р 


OR 


8044 T— въ 


DERE [eec 
BIL 


Force on AB and DC are equal and opposite to 
the each other and that on BC and AD too. 

= kF-0 

Since the line of action of the forces on AB and 
DC is same and also the line of action of the forces 
BC and AD is same, therefore torque is zero. 


=> 1=0 
© Case П : When the plane of the loop is inclined 
to the magnetic field 


In this case again УЁ=0 


-- Lines of action of the forces on AB and DC 
are different, therefore this forms a couple and 
produces a torque. Side view of the loop is shown 
in the figure. 


Torque = Bll(bsin0) = Bl(Ib)sinü = BIAsin® 
If loop has № turns, then 

1 = BNIAsinO 

In vector form 

t=MxB, where M=NIA 

where M is known as magnetic moment of the 
loop. 

Ais the area vector of the loop whose magnitude 
is area of the loop and direction is out of the plane 
for anti-clock wise sense of the current and into 
the loop for clockwise sense of current. 


Illustration 8 ; The rectangular coil having 

100 turns is turned in a uniform magnetic field of 

22] T as shown in the figure. Find the torque 
z 


acting on the loop. 


Soln.: The magnetic dipole moment of the current 
carrying coil is given by 
M = МАЙ 


M =100 x 0.5 x 0.08 x 0.047 


M -16x10? 7 Am? 

The torque acting on the coil is 
%= Mx B=MB(i xj) 

005; 


566x10? kN m 


i-16x10? x 


MOVING COIL GALVANOMETER 

It is an instrument used for the detection and 
measurement of small currents. 

Principle of a moving coil galvanometer : When a 
current carrying coil is placed in a magnetic field, it 
experiences a torque. 

In moving coil galvanometer the current I passing 


through the galvanometer is directly proportional 
to its deflection (Ө). 
1«0 or 1-69. 


k 
where С = дв = galvanometer constant 


А = area of a coil, N = number of turns in the coil, 
B= strength of magnetic field, К = torsional constant 
of the spring i.e. restoring torque per unit twist. 


Current Sensitivity 


It is defined as the deflection produced in the 
galvanometer, when unit current flows through it. 
@ NAB 

' E 

The unit of current sensitivity is rad A^! or 
div A7, 


Voltage Sensitivity 
It is defined as the deflection produced in the 
galvanometer when a unit voltage is applied across 
the two terminals of the galvanometer. 

aaO LAS 

* V IR kR’ 
The unit of voltage sensitivity is rad V^! or 
div V^. 


AMMETER 
It is an instrument used to measure current in an 
electrical circuit. 


Conversion of Galvanometer into a Ammeter 

A galvanometer can be converted into an ammeter of 
given range by connecting a suitable low resistance 
5 called shunt in parallel to the given galvanometer, 
whose value is given by 


S= p G 
(5) 


where 1, is the current for full scale deflection 
of galvanometer, | is the current to be measured 
by the galvanometer and G is the resistance of 
galvanometer. 


AI- 


> > © > 

T " I 
Ammeter is a low resistance instrument and it is 
always connected in series to the circuit. An ideal 
ammeter has zero resistance. 
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VOLTMETER 
Itisan instrument used to measure potential difference 
across any element in an electrical circuit. 


Conversion of Galvanometer into Voltmeter 

A galvanometer can be converted into voltmeter 
of given range by connecting a suitable resistance 
R in series with the galvanometer, whose value is 
given by 


R- 


-G 


" 
where V is the voltage to be measured, |, is the current 
for full scale deflection of galvanometer and G is the 
resistance of galvanometer. 


— Ow 


—— , —— 
Voltmeter is a high resistance instrument and it is 
always connected in parallel with the circuit element 
across which potential difference is to be measured. 
An ideal voltmeter has infinite resistance. 

In order to increase the range of an ammeter 
n times, the value of shunt resistance to be connected 
in parallel is $ = G/(n - 1). 

In order to increase the range of voltmeter n times 
the value of resistance to be connected in series with 
galvanometer is R = (n — 1)G. 


NATURAL MAGNET AND ARTIFICIAL MAGNET 
Natural magnet : A natural magnet is an ore of iron 
(FejO) which 
O attracts small pieces of iron, cobalt and nickel 
towards it. 
O when suspended freely, comes to rest along 
north-south direction. 
Artificial magnet: Magnet which is prepared artifically 
is known as artificial magnets. e.g. a horse shoe magnet, 
a bar magnet, magnetic needle etc. 


Properties of Magnets 

Attractive property : When a magnet is dipped into 
iron filings it is found that the concentration of iron 
fillings, i.e. attracting power of the magnet is maximum 
at two points near the ends and minimum at the 
centre. The places in a magnet where its attracting 
power is maximum are known as poles while the 
place of minimum attracting power is known as the 
neutral region. 

Directive property : When a magnet is suspended, its 
length becomes parallel to N-S direction. The pole at 
the end pointing north is known as north pole while 
the other pointing south is known as south pole. 
Magnetic poles always exist in pairs ie. an isolated 
magnetic pole does not exist. 
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Like poles repel each other and unlike poles attract 
each other. 


Magnetic axis 
The line joining the two poles of a magnet is known 
as magnetic axis. 

Magnetic length 

The distance between two poles along the axis of a 
magnet is known as magnetic length or effective length. 
As poles are not exactly at the ends, the effective length 
is lesser than the actual length of the magnet. 
Magnetic Meridian 

A vertical plane passing through the magnetic axis 
(i.e, S-N line of a freely suspended magnet), is called 
the magnetic meridian. 


MAGNETIC DIPOLE 

A magnetic dipole consists of two unlike poles of 
equal strength and separated by a small distance e.g. 
a bar magnet, a compass needle etc. are magnetic 
dipoles. 


Magnetic Dipole Moment 
It is defined as the product of strength of either pole 
(m) and the magnetic length (27) of the magnet, It 
is denoted by М. 
Magnetic dipole moment = strength of either pole 

х magnetic length 
M=m(2l) 
Magnetic dipole moment is a vector quantity and it is 
directed from south to north pole of the magnet. 
The SI unit of magnetic dipole moment is A m?. 


Magnetic Field at a Point due to Magnetic Dipole 
(bar Magnet) 
The magnetic field due to a bar magnet at any point 
on the axial line (end on position) is 

=H 2Mr 
ol = п GPE 
where r = distance between the centre of the 
magnet and the given point on the axial line, 
21 = magnetic length of the magnet and М = magnetic 
moment of the magnet. 
For short magnet P << r? 

u,2M 

Baar 
The direction of Вы is along SN. 
The magnetic field due to a bar magnet at any point 
on the equatorial line (board-side on position) of the 
bar magnet is uM 


gto = ря + ПИТ 


— №5 М 
— 772 


з is parallel to NS. 


B, 


B, 


For short magnet 


The direction of Beguatora 


Torque on a Magnetic Dipole Placed т a Uniform 
Magnetic Field 

When a magnetic dipole of dipole moment M is placed 
in a uniform magnetic field B, it will experience a 
torque and is given by 

+= МхВ ог t- MBsin8 

where 0 is the angle between M and В 

Torque acting on a dipole is maximum (tma, = MB) 
when dipole is perpendicular to the field and minimum 
(т = 0) when dipole is parallel or antiparallel to the 
field. 

When a dipole is placed in a uniform magnetic field, 
it will experience only torque and the net force on 
the dipole is zero while when it is placed in a non 
uniform magnetic field, it will experience both torque 
and net force. 


Work done in Rotating the Magnetic Dipole in a 
Uniform Magnetic Field 

Work done in rotating the magnetic dipole from 0, to 
0; with respect to uniform magnetic field is 


W = | MB sin@ i0 = -MB (cost - cos®,) = MB (cos0, ~ cost) 


If the dipole is rotated from field direction 
i.e. 0, = 0° to position 0 ie. 0, = 0 

W = MB (1 - cos). 
Potential energy of a magnetic dipole 
Potential energy of a magnetic dipole in a uniform 
magnetic field is 
U =- M.B =- MBcos8 
The potential energy of the dipole will be minimum 
(= - MB) when 0 = 0°, ie., the dipole is parallel to 
the field, and maximum (= MB) when 0 = 180°, i.e., 
the dipole is antiparallel to the field. 


Current loop as a magnetic dipole 

A current loop behaves as a magnetic dipole whose 
magnetic dipole moment is M = IA where A is the 
area enclosed by loop and 1 is the current flowing 
in the loop. 

If there are № turns in a loop, then M = МА. 


Gauss's law for magnetism 
Gauss's law for magnetism states that the net magnetic 
flux through any closed surface is zero. 

o= Y Ba$-o 


all area 
ements AS 


This law establishes that isolated magnetic poles do 
not exist. 


ELEMENTS OF THE EARTH’S MAGNETIC FIELD 

Three quantities are needed to specify the magnetic 
field of the earth on its surface — the horizontal 
component, the magnetic declination and the magnetic 
dip. These are known as elements of the earth’s 


magnetic field or magnetic elements. 
Magnetic declination : Magnetic declination at a 
place is defined as the angle between the geographic 
meridian and magnetic meridian. 
Magnetic dip or inclination : Magnetic dip at a place 
is defined as the angle made by the earth’s magnetic 
field with the horizontal in the magnetic meridian. 
It is denoted by 5. 
Horizontal component : It is component of earth's 
magnetic field along the horizontal direction in the 
magnetic meridian. It is denoted by Вн. 
If B is intensity of earth’s total magnetic field, then 
the horizontal component of earth’s magnetic field 
is given by 

By=Bcosd 
Also, the vertical component of earth's magnetic 
field, 


By = Bsind 
B= (В, +B; Magnetic] 
B meridian 
and (апё= У 


Geographic meridian 
The earth always has a vertical component except 
at equator. 

The earth always has a horizontal component except 
at the poles. 

In a vertical plane at an angle 9 to magnetic 
meridian 

Bj, = By cos@and Ву = By 


, B, _ В  tanó 
> tand == p. созб = cost 
tand’ = cand 


If at a given place 5, and 6, are angles of dip in two 
arbitrary vertical planes which are perpendicular to 
each other, the true angle of dip 8 is given by 

соб = cot’, + соб, 
Angle of dip à at a plane is related to Из magnetic 
latitude À through the relation 
tand = 2 tana 


MAGNETIC INTENSITY 
When a magnetic material is placed in a magnetic 
field, it becomes magnetised. The capability of the 
magnetic field to magnetise a material is expressed 
by means of a magnetic vector H , called the magnetic 
intensity of the field. The relation between magnetic 
induction B and magnetising field Н is 

В= рН 
where ц is the permeability of medium. 
It is a vector quantity and Из SI unit is A m”. 


Intensity of magnetisation 


It is defined as the magnetic moment per unit 
volume. 
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q- Magnetic moment М 
E Volume (v 
If A = uniform area of cross-section of the 
magnetised specimen (a rectangular bar) 
2] - magnetic length of the specimen 
m = strength of each pole of the specimen, 
_ тх21 т 
ТАХ А 
The intensity of magnetisation is a vector quantity 
and its SI unit is A m^. Its dimensional formula is 
[M?L-'T^A]. 


Magnetic susceptibility 
Itis defined as the ratio of the intensity of magnetisation 
(I) to the magnetising field. 


т=н 


It is a scalar quantity with no units and dimensions. 
Physically, it represents the ease with which a magnetic 
material can be magnetised. i.e, large value of Хи 
implies that the material is more susceptible to the 
field and hence can be easily magnetised. 

Magnetic permeability 

It is defined as the ratio of magnetic induction to the 
magnetising field (H). 


pea 
It МЕРИЯ quantity having unit Н м7 and its 
dimensional formula is [MLT2A-7]. 
It measures the degree to which a magnetic material 
can be penetrated or permeated by the magnetising 
field. 
Relative permeability : It is defined as ratio of 
permeability of a medium to that of free space 

2H 
hu 
It has no units and dimensions. 
Relationship between magnetic permeability and 
suspectibility 


H,-15X, with p, =й 
№ 

CLASSIFICATION OF MAGNETIC MATERIALS 
On the basis of magnetic properties, different materials 
have been classified into three categories : 

О Diamagnetic substances 

O  Paramagnetic substances 

O Ferromagnetic substances 
Diamagnetic substances : Diamagnetic substances 
are those in which the individual atoms/molecules/ions 
do not posses any net magnetic moment on their 
own. When such substances are placed in an external 
magnetic field, they get feebly magnetised in a direction 
opposite to the magnetic field. e.g. antimony, bismuth, 
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copper, lead, gold, silver, water, alcohol, mercury, air, 
hydrogen, nitrogen and all inert gases like helium, 
neon, argon etc. 
The relative permeability of diamagnetic substances 
is less than one. The magnetic susceptibility of 
diamagnetic substances is small and negative. The 
magnetic susceptibility of diamagnetic substances is 
independent of temperature. 
Paramagnetic substances : Paramagnetic substances 
are those in which each individual atom/molecule/ion 
has a net non zero magnetic moment of its own. When 
such substances are placed in an external magnetic 
field, they get feebly magnetised in the direction of 
the magnetic field. 
The relative permeability of paramagnetic substances 
is just greater than one. The magnetic susceptibility 
of paramagnetic substances is small and positive. The 
magnetic susceptibility of paramagnetic substance 
is dependent on the temperature and it varies with 
temperature according to the given equation 
E 

х.т 
This is known as Curie law. The constant C is known 
as Curie's constant. 


Ferromagnetic substances : Ferromagnetic substances 
are those in which each individual atom/molecule/ion 
has anon zero magnetic moment, as in a paramagnetic 
substance. When such substances are placed in an 
external magnetic field, they get strongly magnetised 
in the direction of the field. e.g. iron, cobalt, nickel, 
gadolinium and a number of their alloys. 

The relative magnetic permeability of ferromagnetic 
substances is very large. The magnetic susceptibility of 
ferromagnetic substance is positive and very large. The 
ferromagnetic property depends on temperature. At 
high temperature, ferromagnetic becomes paramagnet. 
The temperature of transition from ferromagnetic to 
paramagnetic is known as Curie temperature (То). 
The susceptibility above the Curie temperature i.e. 
in the paramagnetic phase is given by 


ДЕГ 
Xn = ToT 
This is known as Curie-Weiss law. 


HYSTERESIS 

Hysteresis is the phenomenon of lagging of magnetic 
induction (B) or intensity of magnetisation (I) behind 
the magnetising field (H), when a specimen is taken. 
through a cycle of magnetisation. From the hysteresis 
loop of material, we can study about retentivity, 
coercivity etc. of the material. The study of these 
characteristics enables us to select suitable materials 
for different purposes. 


(T>T.) 


Type of ferromagnetic materials 
Ferromagnetic materials are divided into two types : 
О Soft magnetic materials : These have 
low retentivity, low coercivity and small 
hysteresis loss. These are used for making 
electromagnets, cores or transformers, 
motors and generators. Soft iron, mu-metal 
and stalloy are examples of these materials 
O Hard magnetic materials : These have 
high retentivity, high coercivity and large 
hysteresis-loss. These are used in making 
permanent magnets of various kinds of 
electric meters and loudspeakers. Steel, 
alnico, alcomax and ticonal are examples of 
ferromagnetic materials of these materials. 


MAGNETIC FLUX 
The magnetic flux through any surface placed in a 
magnetic field is the total number of magnetic lines 
of force crossing this surface normally. 
It is measured as the product of the component of 
the magnetic field normal to the surface and the 
surface area. 
Magnetic flux is a scalar quantity, denoted by ф or ó;. 
О Ifa uniform magnetic field B passes normally 
through a plane surface area A, then 
ф=ВА 
О Ifthe field В makesangle0 with the normal drawn 
to the area A, then 
ф = Bcosü x A 
ф=ВАсоз@ = В.А 


The SI unit of magnetic flux is weber. The CGS unit 
is maxwell. 
1 weber = 10° maxwell 
Also 1 weber = 1 tesla x metre". 
The dimensions of magnetic flux are 
[0] = [МУРТА] 


Characteristics of Magnetic Flux 

The magnetic flux can be positive , negative or zero 
depending on the angle Ө. For Ө = 90°, cos6 = 0 and 
ф = 0. Thus, whenever the angle between area vector 
and magnetic field is 90*, the flux is zero. i.e. whenever 
the plane of the surface is parallel to B, the flux is 
zero. The flux is positive for 0° < 0 < 90° and negative 
for 90° < 0 < 180°. The magnetic flux is taken as 
negative if field lines enter the area and positive if 
field lines leave the area. 


ELECTROMAGNETIC INDUCTION 

The phenomenon of production of induced emf and 
hence induced current, due to a change of magnetic flux 
linked with a closed circuit is called electromagnetic 
induction 


Laws of Electromagnetic Induction 

О  Faraday's laws gives the magnitude of induced 
emf. 

О Lenz's law gives the direction of induced emf. 

Faraday's Laws of Electromagnetic Induction 

When magnetic flux passing through a loop changes 

with time or magnetic lines of force are cut by a 

conducting wire then an emf is produced in the loop 

or in that wire. This emf is called induced emf. 

If the circuit is closed then the current will be called 

induced current. 

The magnitude of induced emf is equal to the rate of 

change of flux w.r.t. time in case of loop. In case of 

a wire it is equal to the rate at which magnetic lines 

of force are cut by a wire. 


E 
t 

(-) sign indicates that the emf will be induced in such 
a way that it will oppose the change of flux. 

Some points: 

‘The induced emf in a circuit does not depend on the 
resistance of the circuit as є = – (46/41). However, the 
induced current in the circuit does depend on the 
resistance. 


The induced charge that flows in the circuit depends 
on the change of flux only and not on how fast or 
slow the flux changes. 


On integrating , the total charge that flows in the 
circuit is found to be 


NOR 
1= в 


If the number of turns in the coil is №, then the charge 
that flows through the coil is 
4- N(0; – Ф) 
R 

Illustration 9: A coil is placed in a constant magnetic 
field. The magnetic field is parallel to the plane of 
the coil as shown in figure. Find the emf induced 
in the coil. 


Soln.: 6 = 0 (always) since area is perpendicular to 
magnetic field. 

emf =0 

Illustration 10 : Figure shows a long current carrying 
wire and two rectangular loops moving with velocity 
о. Find the direction of current in each loop. 
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Constant I ®© 


v 
Г D 

Soln.: In loop (i) no emf will be induced because 
there is no flux change. 

In loop (ii) emf will be induced because the coil is 
moving in a region of decreasing magnetic field 
inward direction. Therefore to oppose the flux 
decrease in inward direction, current will be induced 
such that its magnetic field will be inwards. For this 
direction of current should be clockwise. 


Lenz's Law 

In 1833, German physicist Hemrich Lenz gave general 
law. It states that the direction of induced current 
in a circuit is such that it opposes the causes or the 
change which produces it. 

In figure (a), as the magnet approaches, the (positive) 
flux through the coil increases. The induced current 
sets up an induced magnetic field, В, whose 
(negative) flux opposes this change. The direction 
of B, is opposite to that of external field, В, due 
to the magnet. 

In figure (b), the induced current sets up an induced 
field whose (positive) flux opposes the decrease in flux 
of Bay. In this case, the induced magnetic field points 
in the same direction as the external field. 


of 


"he. 


(a) 


In order to incorporate Lenz's law into Faraday's 
law, we need a sign convention for the induced emf. 
First we choose the direction of the vector area to 
make the initial flux positive. The right-hand rule, 
in this case with the thumb along B and the fingers 
curled around the loop, tells us whether clockwise or 
counterclockwise is the positive sense, as shown in 
figure. Figure shows that the sign of the emf is always 
opposite to the sign of the change in flux Аф. 
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This feature can be incorporated into Faraday's law 
by including a negative sign. The proportionality in 
equation (i) can now be turned into an equation with 
an appropriate constant of proportionality that depends 
on the system of units. In SI units, the constant is 
unity. Therefore, the modern statement of Faraday's 
law of electromagnetic induction is 


Suppose that the loop is replaced by a coil with N 
turns. If the flux through each turn is the same, each 
turn has the same induced emf. Since all these emf's 
are in the same sense, the net emf induced in a coil 
with N turns is 

e=- nit 
where 6 is the flux through each turn. 


MOTIONAL EMF 

We can find emf induced in a moving rod by 
considering the number of lines cut by it per second 
assuming there are B lines per unit area . Thus when 
a rod of length | moves with velocity о in a magnetic 
field B, as shown, it will sweep area per unit time equal 
to [v and hence it will cut Blv lines per unit time. 


1+4 


Hence emf induced between the ends of the rod = Blv 
Also emf = 2. Here $ denotes flux passing through 


the area, swept by the rod. The rod sweeps an area 
equal to lvdt in time interval dt. Flux through this 
area = Blodt. Thus 90 _ В! ру 

d dt 
Explanation of emf induced in rod on the basis of 
magnetic force 
If a rod is moving with velocity v in a magnetic field 


В, as shown, the free electrons in a rod will experience 
a magnetic force in downward direction and hence 
free electrons will accumulate at the lower end and 
there will be a deficiency of free electrons and hence 
a surplus of positive charge at the upper end. These 
charges at the ends will produce an electric field in 
downward direction which will exert an upward 


force on electron. š JE 
If the rod has been moving 
for quite some time enough р v eB 
charges will accumulate at 
the ends so that the two forces о 

qB 


qE and qoB will balance each 
other. Thus E = vB. 

Vp = Vo= vBl 
The moving rod is equivalent to the following 
diagram, electrically. 


р 
r 
Q 


Illustration 11 : Find the emf induced in the rod 


in the following cases. 
v 
à 


(a) (b) 
в ©в 
48 Л ев 
(©) v (a) c( |, 
Soln.: (а) emf = 0 B 
(b) emf = 0 
(c) emf =0 


(d) Figure shows a closed coil ABCA moving in a 
uniform magnetic field B with a velocity v. The flux 
passing through the coil is a constant and therefore 
the induced emf is zero. 
Now consider rod AB, which is а part of the coil. 
Emf induced in the rod = Blo 
Suppose the emf induced in part 
ACB is e, as shown. 
Since the emf in the coil is zero, 
emf (in ACB) + emf (in BA) = 0 
or -€+vBl=0 or e=vBl 
Thus emf induced in any path joining A and B is 
same, provided the magnetic field is uniform. Also 
the equivalent emf between A and B is Blv (here 
the two emfs are in parallel). 


B 


Induced emf Due to Rotation 

Rotation of the rod 

Consider a conducting rod of length / rotating in a 
uniform magnetic field. 


а, ® 
өв 
drg ı —> + de = roBdr 
m =r 
Small segment Emf induced in a 
justlikearod small segment 


1 


Emf induced in a small segment of length dr, of the 
rod = vBdr = roBdr 


Emf induced in the rod = 0B fydr = 1 Ba 


Alternatively 
= 
9r. e di 
А 
Flux through the area swept I Ea 
by the rod in time dt 


dt 


BŁ Padt 

uh. e pat 
dt 2 

Illustration 12 : A rod of 
length 1 is rotating with 
an angular speed w about о 
its опе end which is at a = 
distance a 1 Т 
from ап infinitely long wire 7 
carrying current I. Find the 
emf induced in the rod at. : 
the instant shown in the 
figure. 
Soln.: Consider a small segment of rod of length 
dx, at a distance x from one end of the rod. 


Alternatively 
ue 
2n(x+a) 


(xo)dx = шо fı- (е) 


(хо)ӣх 
ЕТИ 
| g2n(x +a) 
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Emf Induced т a Rotating Disc 
Consider a disc of radius r rotating in a magnetic 
field B. 
Consider an element dx at a distance x from the centre. 
This element is moving with speed v = ox. 

Induced emf across dx 

= B(dx)o = B(dx)wx = Boxdx 


Emf between the centre oe 
and the edge of disc, lo 
r 2 / 
= J Boxdx = Bor 
A 2 


Fixed Loop in a Varying Magnetic Field 

Now consider a circular loop, at rest in a varying 
magnetic field. Suppose the magnetic field is directed 
inside the page and itis increasing in magnitude. The 
emf induced in the loop will be 


dé 
g£z-— 
di 
Flux through the coil will be 
$--nrB; 
LL o esm 
qaray eee 
24B r dB 
2 Ezen or Е= LT 
nr= nr di or за 


Thus changing magnetic field produces electric field 
which is non conservative in nature. The lines of force 
associated with this electric field are closed curves. 


Eddy currents 

The circulating currents set up in bulk pieces of 
metal moving through a magnetic field are called 
eddy currents. 

These are also called foucault currents. 

The direction of eddy currents is given by Lenz's law, 
or Fleming/s right hand rule. 

Some of the important applications of eddy currents 
are : electromagnetic damping, induction furnace, 
electromagnetic brakes, induction motor, speedometers 
and in diathermy, i.e., deep heat treatment of parts 
of human body. 


INDUCTOR 

An inductor is a device for storing energy in a magnetic 
field. An inductor is generally called as inductance. In 
usual practice a coil or solenoid is treated as inductor. 
It is denoted by symbol “700”. 


SELF INDUCTION 

Whenever the current passing through a coil or circuit 
changes, the magnetic flux linked with it will also 
change. As a result of this, an emf is induced in the 
coil or the circuit. This phenomenon is called self 
induction and the emf induced is called self induced 
emf or back emf. 
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Ifa current I flows through a coil and ó is the magnetic 
flux linked with the coil, then 

oe or ф= Ш 

where L is coefficient of self induction or self inductance 
of the coil. 

The self induced emf is 


Ы рй 


The st ut of L henry (H) and its dimensional 
formula is [ML2T2A~]. 
Self inductance of a long solenoid is L = uyi?lA 
where l is length of the solenoid, л is number of turns 
per unit length of a solenoid and A is area of cross 
section of the solenoid. 
Self inductance of a circular coil is 

Le МК 


where К is the radius of the coil апа М is the number 
of turns. 

MUTUAL INDUCTION 

Whenever the current passing through a coil or circuit 
changes, the magnetic flux linked with a neighbouring 
coil or circuit will also change. Hence an emf will 
be induced in the neighbouring coil or circuit. This 
phenomenon is called mutual induction. The coil 
or circuit in which the current changes is known as 
primary while the other in which emf is set up is 
known as secondary. 

Let Ip be the current flowing through primary coil at 
any instant. If ó; is the flux linked with secondary 
coil then 

Ф = Ip or $5 = МІр 

where M is coefficient of mutual inductance of two coils. 
The emf induced in the secondary coil is given by 


- M dle 


dt 

The SI unit of M is henry (H) and its dimensional 
formula is [МІ2Т А2]. 
Coefficient of coupling (K) : Coefficient of coupling 
of two coils is a measure of the coupling between the 
two coils and is given by 

K M 
M 
where L, and L, are coefficients of self inductance of 
the two coils and M is coefficient of mutual inductance 
of the two coils. 
The coefficient of mutual inductance M of two long 
coaxial solenoid is given by M = для 1. 
where / is the length of each solenoid, n, is number 
of turns per unit length of inner solenoid, n, is the 
number of turns per unit length of outer solenoid, 
r, is the radius of inner solenoid, r; is the radius of 
outer solenoid. 


Combination of Inductances 
Two inductors of inductances І. and L, are connected in 
series and are kept apart so that their mutual inductance 
is negligible, then the equivalent inductance of the 
combination is given by 
= is 
Two inductors of self-inductance L, and L; are 
connected in series and they have mutual inductance 
M, then the equivalent inductance of the combination 
is given by 
L-L *L, £2M. 

The plus sign occurs if windings in the two coils are in 
the same sense, while minus sign occurs if windings 
are in opposite sense. 
Two inductors of inductances L, and L; are connected 
in parallel and are kept far apart so that mutual 
inductance between them is negligible, then their 
equivalent inductance is given by 

— Ll; 1 1.1 
"LL EEG, 


Illustration 13: Two coils have mutual inductance of 
1.5 H. If the current in primary circuit is raised to a 
value of 50 A in one second after closing the circuit, 
what is the induced emf in the secondary? 

Soln.: Mutual inductance, M = 1.5 H. 


Rate of change of current in the primary, i.e., ah 


= 50 A/s. СР 
Let ebe the induced emf in the secondary, 


thene = MP = -1.5%50 
=-70V. 


ENERGY STORED IN AN INDUCTOR 
When a current I flows through an inductor, the 
energy stored in it, is given by 


u=}? 
The energy stored in an inductor is in the form of 
magnetic energy. 


GROWTH AND DECAY OF CURRENT IN LR CIRCUIT 
During growth, the instantaneous current in the 
circuit is given by 

T= h (1-е) = 4-е") 
where Ij is the maximum value of current, 
1 - L/R = time constant of LR circuit. 
During decay, the instantaneous current in the circuit 
is given by 

m 


CHARGING AND DISCHARGING OF A CAPACITOR 
THROUGH RESISTOR 
During charging the instantaneous charge on the 


capacitor is given by 
q = gall 2% = q(1 = e^) 
where qa is the maximum value of charge, 
T= RC is the time constant of CR circuit. 
During discharging, the instantaneous charge on the 
capacitor in given by 
q = qe" qur 
Illustration 14 : A capacitor of capacitance 0.5 ҺЕ 
is discharged through a resistance of 10 MQ. Find 
the time taken for half the charge on the capacitor 
to escape. 
Soln.: Here, С = 0.5 pF = 0.5 x 10° F=5 x 107 Е 
R=10MQ=10'Q 
Time constant, т = CR = (5 x 107 F)(10 Q) - 5 s 
If t is time taken for half the charge on the capacitor 
to escape, then charge left after time Ё is equal to 


Qo/2, ie., 


Q 
As Q= 
or 2=е огт =In2 
or t = (In 2)t = (0.6931)(5s) = 3.5 s 
ALTERNATING CURRENT 


Analternating current is that current whose magnitude 
changes continuously with time and direction reverses 
periodically where as that current which flows with 
а constant magnitude in the same direction is known 
as direct current. 
Most of the electric power generated and used in the 
world is in the form of AC. 
Alternating current is represented by 

Т = Ipsinwt or Г = Incoswt 
Here, I is the instantaneous value of current i.e., 
magnitude of current at any instant of time ! and 
1, is the peak value or maximum value of AC. It 
is also called amplitude of AC, o is called angular 
frequency of AC. 


o= 2200 


The terms used for AC hold equally for alternating 
emf which is represented by 

V = V,sinot 
or V= V;cosot. 


Average Values of AC Voltage and AC Current 
AC voltage or current are commonly sinusoidal (sine 
or cosine function) and their mean values for complete 
cycle is zero. The average values for half cycles are 
equally positive and negative. 
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Average value for one half cycle (or rectified average 
value) 
V = Visinot 


272 2 
PN MES J Vosinot dt = Vo =0.637 Vo. 
T n 


far о 


0 

This is also known as the rectified average value of 
a sinusoidal voltage and is represented as V, 
Root Mean Square Value (Vins ог Lim) 
Since V and Гаге equally negative and positive, their 
squares will always be positive and the square root 
of the average of their squares is will give the rms 
values. 

V = Ито! 
(v2) 


av 


и 
Thus Vims = (3), =F 
1 
and Ims = Uu, 775 


Peak value 
2 

Illustration 15 : If a domestic appliance draws 
2.5 A from a 220 V, 60 Hz power supply, find 

(a) the average current 

(b) the average of the square of the current 

(c) the current amplitude 

(d) the supply voltage amplitude. 
Soln.: (a) The average of sinusoidal AC values over 
any whole number of cycles is zero. 

(b) RMS value of current Ims = 25 А 

MO a = (lm)? = 6.25 A? 


O m= 


рж 2T 2 
= [visitor dt= Yè fa создон = vo, 
T or} 2 


or RMS value 


current amplitude = J2 Isms = /2(2.5 A) 
" -35A 
Ch Vas =20V = 
Supply voltage amplitude 
Vo = V2(Vims) = /2(220 V) = 311 V. 


Series AC Circuit 

When only resistance is in AC circuit 
According to Kirchhoff's loop 
law, at any instant, the algebraic 
sum of the potential difference Å 
around a closed loop in a circuit 
must be zero. 

€- Ve=O ore —[gR=0 
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біло? — IR = 0 
Ir =f sinot= Iosinat E 


where I; is the maximum current, 10 = 59, 


From above equation, we see that the instantaneous 
voltage drop across the resistor is 
Vg = IjRsinot w(i) 
We see in equation (i) 

and (ii), I; and Vg both 
vary as sinwt and reach Бае 
their maximum values Vo 

at the same time as 
shownin figure (a), they 
are said to be in phase. 
A phasor diagram is @) 
used to represent phase 
relationships. The 
lengths of the arrows 
correspond to V, and 
1. The projections of 
the arrows onto the 
vertical axis gives Ук 


М 


Phasor diagram 
and Ip. (b) 

In case of the single-loop resistive circuit, the current 
and voltage phasors lie along the same line, as shown 
in figure (b), because Ig and V; are in phase. 


When only inductor is in AC circuit 
The induced emf across v, 


the inductor is given by 1.97 ТА 
L ) P 


On applying Kirchhoff’s loop А 
rule to the circuit, 


©- 
à = &sinot 
-V,= -L==0. 
e-V,=0 => e p 0. 


When we rearrange this equation and substitute 
Е = t, sinot, we get 


(iii) 


Integration of this expression gives the current as a 
function of time 


14 = є0ѕіп оѓ 
а 


1, = 2 sinotdt = — 20. cost «C 
1. oL 


For average value of current over one time period 
to be zero, C=0 
Ij = 20 созар 
oL 


When we use the trigonometric identity 
cosof = — sin(wt — 1/2), we can express equation as 


(iv) 


From equation (iv), we see that the current reaches 
its maximum value when cost = 1 

ps ee foi 

Or OLX, Ae 
where the quantity X, , called the inductive reactance, is 
X, = oL. 
The expression for the rms current is similar to equation (v), 
with є, replaced by £m. Inductive reactance, like 
resistance, has unit of ohm. 


dl 
V, 2 L2. e sinat 
pee gp ort 
= IgX, sinat 


We can think of equation (v) as ohms law for an 
inductive circuit. On comparing result of equation 
(iv) with equation (iii), we can see that the current 
and voltage are out of phase with each other by 
n/2 rad, or 90°. 

A plot of voltage and current versus time is given 
in figure (a). 

The voltage reaches its 
maximum value one 
quarter of an oscillation 
period before the current 
reaches its maximum value. 
The corresponding phasor 
diagram for this circuit is 
shown in figure (b). Thus, 
we see that for a sinusoidal 
applied voltage, the current 
in an inductor always lags 
behind the voltage across 
the inductor by 90°. 


Vili 


01 


< 
Wave diagram 
(a) 


11-310 
Phasor diagram 

When only conductor is in AC Circuit 

Apply Kirchoff's loop rule to the circuit 

e-Ve=0 

Vc = € = £ sinwt М) кю Vc. 5 

where V. is the instantaneous 

voltage drop across the 

capacitor. 


БЕРТ 


From the definition of capacitance, Ус = Q/C, and this 
value for Ус substituted into equation (vi) gives 
О = Ct, sinat 
Since I= dQ/dt, on differentiating above equation gives 
the instantaneous current in the circuit, i.e., 
di 

lez 5 = Cegocosot. 
Here again we see that the current is not in phase 
with the voltage drop across the capacitor, given 


by equation (vi). Using the trigonometric identity 
cosot = sin(t + 1/2), we can express this equation in 
the alternative form 
И x 
Ic EC (vii) 
From equation (vii), we see that the current in the 
circuit reaches its maximum value when cosot = 1. 
Ip = Се = 20 
n a 07v 
Xc 
а s 
where Xc = — is called the capacitive reactance 


The SI unit of Xc is also ohm. The rms current is 
given by an expression similar to equation with Vo 
replaced by V... 

Combining equation (vi) and (vii), we can express the 
instantaneous voltage drop across the capacitor as 
Vc = Vosinot = IX sinet. 

Comparing the result of equation (vii) with equation 


(vi), we see that the current is = rad or 90° out of 


phase with the voltage across the capacitor. 
Vo lc 


A plot of current and 
voltage versus time, 
shows that the current 
reaches its maximum 
value one quarter of 
a cycle sooner than 
the voltage reaches its 
maximum value. The (а) 
corresponding phasor 
diagram is shown in 
the figure (b). Thus 
we see that for a 
sinusoidally applied 


emf, the current always 
leads the voltage across Phasor diagram 
a capacitor by 90°. (b) 


Series L-R Circuit 

Now consider an AC circuit consisting of a. resistor 
of resistance R and an inductor of inductance L in 
series with an AC source generator. 


Suppose in phasor diagram, current is taken along 
positive x-direction. Then V; is also along positive 
x-direction and У, along positive y-direction. 

Аз we know potential 
difference across a 
resistance 

in AC is in phase 
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with current, and it leads current in phase by 90° 
across the inductor, so we can write 

V = Vg + jV, = IR + j(IX,) = IR + j(loL) = IZ 
Here, Z = R + jX, = К + j(oL) is called impedance of 
the circuit. Impedance plays the same role in AC 
circuits as the ohmic resistance does in dc circuits. 
The modulus of impedance is, 


2 JR? - (oL)?. 
The potential difference leads the current by an 
angle, 


Illustration 16 : An alternating voltage of 220 V r.m.s. 
at a frequency of 40 cycles/second is supplied to a 
circuit containing a pure inductance of 0.01 H and 
a pure resistance of 6 Q in series. Calculate 

(a) the current, (b) potential difference across 
the resistance, (c) potential difference across the 
inductance, (d) the time lag. 

Soln.: The impedance of L-R series circuit is given 


R? + (оу = [(R + (ото 
6? + (2 х 3.14 x 40 x 0.01]? = 6.504 Q 
(а) R.M.S. value of current 


Ims = Z 
(b) The potential difference across the resistance 
is given by 
Ук = Ims X = 33.83 x 6 = 202.98 У 
(c) Potential difference across the inductance is 
given by 
У, = Lms *(WL) = 33.83 х (2 х 3.14 х 40 х 001) = 84.98 У 


(d) Phase angle $= tan-t( 


6 = апт (0.4189) = 22°46" 


Timelag -t xr- а 2046 
360 = 360 v 360x40 
= 0.001579 s 


Series R-C Circuit 

Consider an AC circuit consisting of a resistor of 
resistance R and a capacitor of capacitance C in series 
with an AC source generator. 


Suppose in phasor diagram [ye e» 
currentis taken along positive А — Vc Ук 
x-direction. 
Then Vj is 


along positive 
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x-direction but Ус 
is along negative y-direction 

as potential difference across a 
capacitor in AC lags in phase, 
by 90° with the current in the — "c! 
circuit. So, we can write ny 


V = Vg- jVc = IR - ХО 
= (с) To 
uc 1 
Here, impedance is, Z - R- j| 
ped. (ss) 


The modulus of impedance is, 
2 
121= [62+ 


and the potential difference lags the current by an angle, 
Alv]. *(&)- (ос) (т 
Ve tan Rn)" tan R = (ап ORC 


Illustration 17: An А.С. source of angular frequency 
wis fed across а resistor К and a capacitor C in series. 
The current registered is І. If now the frequency of 
the source is changed to 0/3 (but maintaining the 
same voltage), the current in the circuit is found 
to be halved. Calculate the ratio of reactance to 
resistance at the original frequency. 


o=tan 


Soln.: At angular frequency o, the current in R-C 
circuit is given by 


(oc? 0 
When frequency is changed to 0/3, the current is 
halved. Thus 

pc alii) 
= YR? +(9/0"C2) 


Trms _ 


2 z Т 
раа 
| (0/3)? C? 

From equation © and (ii), 


we have === 
2 
К: uem 3c 


solving this M we get ЗЕ? = 
02 


Hence, the ratio of reactance to resistance is 


ated. В 
R \5 


SERIES L-C-R CIRCUIT AND RESONANCE 
Now consider an AC 

circuit consisting of a 

resistor of resistance R, 


a capacitor of capacitance 

and an inductor of 
С and an inductor of. Ба Ш A 
inductance L, in series Ve и Vg 


with an AC source 
generator. 

Suppose in a phasor diagram, current is taken 
along positive x-direction. Then V; is along positive 
x-direction. V, along positive y- direction and V. along 
negative y-direction, as potential difference across an 
inductor leads the current by 90° in phase while that 
across a capacitor, lags it in phase by 90°. 


V= + У 
So, we can write, У = V, + jV; – Ис 
= IR + (ХІ) - jUXc) 


а uo FIR SjU(X, - X9] = 12 
Here impendance is, 


Р 3 1 
2= К+ Ху -Хс)= К VERS 
*KXL - Хо) ЕС -) 


The modulus of impedance is, 


2 
121= ке) and the potential 
wC 


difference leads the current by an angle 
ви ( XL -Xc ) 


(viii) 


The steady current in the circuit is given by 
Vo 


I= T sin(ot + 0) 
R? *[=- ac) 
oC 


where ф is given from equation (viii) 
Vo 


The peak current is [о = 


1 2 
с) 
It depends on angular frequency o of AC source and 


1 T 
it will be maxi hen oL-— -0 - = 
it will be maximum when o = o= |i 


and corresponding frequency is v= = | 
ponding frequency is v= 2. = |. 

This frequency is known as resonant frequency of 

the given circuit. At this frequency, peak current 


will be 1) = Vo. 
If the resistance R in the LCR circuit is zero, the peak 


current at resonance is Jy = V0 = o, 
0 


It means, there can be a finite current in pure 
LC circuit even without any applied emf, 
This current in the circuit is at frequency, 
1 [1 
ae 
2nVLC 
Illustration 18 : A resistance К, and inductance L 
and a capacitor C all are connected in series with 
an А.С. supply. The resistance К is 16 © and for a 
given frequency, the inductive reactance L is 24 Q 
and capacitive reactance C is 12 Q. If the current 
in the circuit is 5 A, find 
(a) the potential difference across К, L and C 
(b) the impedance of the circuit 
(c) the voltage of A.C supply 
phase angle 
(а) Potential difference across resistance 
IR-5x16-80V 
Potential difference across inductance 
V, = I x (WL) =5 х 24 = 120 V 
Potential difference across condenser 
Ve= I x (1/aC) =5 х 12 = 60 V 


1Y 
= | 62 -= 
(b) 2= |К 46. ) 


= Ja? +(24-12)? -200 


(c) The voltage of A.C. supply is given by 
К = 12 =5 x 20 = 100 У 


0 ect |2020) 
R 
= tan“! [42] = tan-(0.75) = 36°46" 


ELECTROMAGNETIC WAVES 

In 1865, Maxwell theoretically predicted the existence 
of electromagnetic waves. An electromagnetic wave 
is a wave radiated by an accelerated charge which 
propagates through space as coupled electric and 
magnetic fields, oscillating perpendicular to each other 
and to the direction of propagation of the wave. 

In 1888, Heinrich Hertz demonstrated the production 
and detection of electromagnetic waves by electrical 
means. 

Characteristics of Electromagnetic Waves 
Electric and magnetic fields oscillate sinusoidally 
in space and time in an electromagnetic wave. The 
oscillating electric and magnetic fields are perpendicular 
to each other, and to the direction of propagation of 
the electromagnetic wave. The electric and magnetic 
fields have the same frequency of oscillation and are 
in the same phase. 

Foran electromagnetic wave of frequency v, wavelength 
À, propagating along + z-direction, the electric and 
magnetic fields can be written as 

E = E,(f) = Eysin(kz — ot) 
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BRAIN 


MAP 


(ay | 


* General equation of displacement of particle 
executing linearSHM. 
у- A sin(ot +0) 


Time period of SHM, T= + = 2% 


vo 
© Velocity, v= wy A? 


Acceleration, a = ой, 


Maximum Velocity and 
Acceleration in SHM 


* At mean position velocity is maximum. 
Vax = Ato 
* Acceleration is maximum at extreme 
position 


Simple Harmonic 
Motion 


- RAP — 


Equation of motion 
Py hy 
m 


ple Pendulum 


* Timeperiod T= xt 


= If the length of simple pendulum is very 
large, 


= ау 


di 
* d£ the spring is not light but has a definite 
massthen 


тат 
т) 5. 


* Two bodies of masses m and m; are 
attached through a light spring of spring 
constant k the time period of oscillation 


where Ris the radiusoflength of pendulum, 


* На simple pendulum oscillates in a 
non viscous liquid of density d then its time 


perlod ya 
1 


e» 


where pis the density of suspended mass. 


* When a pendulum is kept in а car which is 
sliding down then 


T=2n) 


1 
acoso. 
where is the angle of inclination, 


Physical Pendulum 
= Time period of physical pendulum 
T 
T=2n, 
mgd 
where d is the distance from centre of 
gravity ofrigid body to pivoked point. 


where, k= ma? = force constant 


зер 


т 


* Timeperiod, T= ай 


© Frequency, 


T=2n, 


where pisthe density of suspended mass. 
* The force of gravity has no effect on force 

constant k and time period of oscillating 
mass. 


Oscillations of Loaded 
Spring Combinations 


* For two springs of spring factors Ку and ky 


с ни connected in parallel, effective spring factor 


т 
DONE k-k + and T=27, 
HEAT E З в Damped and Forced Oscillations 
© Potentialenergy i Dee eee err 
1 mny? ТЕСУ SE N * Angular frequency of the damped 
НЕ ERR kh oscillation 
= Totalenergy ша Toz PD - 
E dita? 22m mA kk, ат 
паза. ее а where bis damping constant. 


* At mean position kinetic energy is 
maximum, at extreme position potential 
energy is maximum and total energy is 
constant at every position during simple 
harmonic motion. 


Differential Equations of SHM 


spring factor becomes 1/n times and hence 
time period increases Vn times 

* When a spring is cut into n equal pieces, 
spring factor of each part becomes nkand 


My 


+ Mechanical energy of the damped oscillator 
E= traem 

* Amplitude of forced oscillations when 

driving frequency is far from natural 

frequency 


T 


mo? oi) 


* ForlinearSHM, LEA =0 е Period of Different SHM's * When driving frequency is close to natural 
quita frequency, ie, at resonance, 
Po * A plank of mass m and area of cross section А is Bh 
* ForangularSHM, = айо =0 floating іп a liquid of density р when depressed, it spy) 
—_ startsoscillating then 
ЕС a — T =2n | 
ER pAg 


= Angular displacement, 
O= osin (ot +8) 
* Torque, t= -40 
Angular velocity, о = МЕТ 


= Incaseofwateroscillatingin U-tube, then T =27, E 


where his the height of liquid column in each limb 
* Aballl of mass mis made to oscillate in the neck of an air chamber having volume Vand neck area a then 


* Angular acceleration, а= E 
where B=bulk modulus of elasticity inair. 


* Time period of oscillation, T = * small ball of radius ris rolling down ina hemispherical bowl of radius R, then 


where Ris the radius of bowl and ris the radius of ball 


* Forabody executing SHM ina tunnel dug along any chord of earth. 


res -sismi 
s 
, 


е Timeperiodoftorsional pendulum T «2 [I where c= 
СЕНАТЕ А 
r7radiusof wire 
I=length of wire 


‘© Kineticenergy, K = 


* Totalenergy, 


пы] 


B = B,(t) = Bysin(kz — ot) 


Svp) [i1 


The amplitudes of electric and magnetic fields in 
electromagnetic waves are related as 


E,=cB, or B, =f 
The speed of electromagnetic waves in free space is 
given by 1 


oe 
Just 

where ji, and £ are the permeability and permittivity 

of free space. 

The speed of electromagnetic waves in a material 

medium is given by 


0=—— 


lue 
where p and € are permeability and permittivity of 
the medium. 


1 
Also, v= -== Я 
VHoH,E€, ние, 
These waves do not require any medium for their 
propagation. 
These waves do not carry any charge. 
These waves are not deflected by electric and magnetic 
fields. 
They travel with the speed of light c (= 3 х 10° m 57) 
in vacuum. 
The frequency of electromagnetic waves does not 
change when they travel from one medium to another 
but their wavelength changes. 
These waves are transverse in nature, hence can be 
polarised. 
Illustration 19: The electric field of an electromagnetic 
wave travelling through vacuum is given by the 
equation Е = Asin(kx – wt). The quantity that is 
independent of wavelength is 


k 
@ 5 (b) ok 
(c) k (d) о 

2л 

Soln: (a) Ё. А 21 

о 2л0 c 


Energy Density of Electromagnetic Waves 
Electromagnetic waves carry energy as they travel 
through space and this energy is equally shared by 
electric and magnetic fields. 

The energy density of the electric field is 


up =58E 
The energy density of magnetic field is 
1B 
Z po 


Uy 
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Average energy density of the electric field is 
<u, oT SE 
Average energy density of the magnetic field. is 


pu 


cuyo ptg 
Total average energy density of electromagnetic 
wave is 


<и>=<ир>+<ир> 
l.p 
=2<up>=2<up>= 560E = 5 


The units of <и;> and «uj» are J m?. 


Intensity of Electromagnetic Wave 
It is defined as rate of flow of energy through unit 
area perpendicular to the direction of propagation 
of wave. 
The intensity of electromagnetic wave is given by 
12 «ucc legi - 1 BE 
255673 
Illustration 20 : The electric field of a plane 
electromagnetic wave of amplitude 2 У m^ 
propagating along z-axis varies with time. The 
average energy density of the magnetic field is 
(in J m°) 
Soln.: Amplitude of electric field and magnetic field 


are related by the relation, E =c 


Average energy density of the magnetic field is 


1814 (^ 4-4) 


4р 4ще E 


= 1 x 8854 x 10-12 x 2)? 


= 8.854 х 1072 J m? 
= 8,86 x 102 J m? 


Momentum of Electromagnetic Wave 

An electromagnetic wave carries linear momentum. 
Electromagnetic wave strikes the surface at normal 
incidence and transports a total energy U to the 
surface in a time t, if the surface absorbs all the 
incident energy, the total momentum p transported 
to the surface is 


p= (complete absorption) 
If the surface is a perfect reflector and incidence 


is normal then the momentum transported to the 
surface is 


pat (complete reflection) 


Radiation Pressure 
It is defined as the pressure exerted by the 
electromagnetic wave on a surface. 

If I is the intensity of the incident electromagnetic 
radiation, then the radiation pressure for normal 
incidence is 


1 
О Р, = с (perfectly absorbing surface) 


21 
О Ра = 2 (perfectly reflecting surface) 


POYNTING VECTOR 
In electromagnetic wave, the rate of flow of energy 
through a unit area perpendicular to the direction 
of propagation wave is described by a vector called 
poynting vector. 

The poynting vector is given by 


5=1 (Ex) 
Ho 1 EB 
In magnitude, 5=—1ЁхВ!= — 
Ho Ho 


The direction of poynting vector is along the direction 
of the propagation of wave. 

The SI unit of poynting vector is W m=. 

Average value of poynting vector is 


<> 
Мое :1=<5> 


Electromagnetic Spectrum 

The orderly distribution of electromagnetic radiations 
according to their wavelength or frequency is called 
electromagnetic spectrum. 

The various regions of electromagnetic spectrum are 
described as follows : 


О Radiowaves : They are produced by the 
accelerated motion of charges in conducting 
wires. They are used in radio and television 
communication systems. 

О Microwaves : They are produced by special 
vacuum tubes called klystrons, magnetrons 
and Gun diodes. They are used in radar 
systems for aircraft navigation. Microwave 
oven is a domestic application of these waves. 


PMT 


CAPSULE 


о 


Infrared waves : They аге produced by hot 
bodies and molecules. Infrared waves are 
sometimes called as heat waves. Infrared 
lamps are used in physical therapy. Infrared 
radiation also plays an important role in 
maintaining the earth's warmth or average 
temperature through the greenhouse effect. 
Infrared detectors are used in Earth satellites. 
Electronicdevices(forexamplesemiconductor 
light emitting diodes) also emit infrared and 
are widely used in the remote switches of 
household electronic systems such as TV sets, 
video recorders and hi-fi systems. 


Visible rays : It is the most familiar form. 
of electromagnetic waves. It is the part of 
the spectrum that is detected by the human 
eye. It runs from about 4 х 104 Hz to about 
7 х 10" Hz or a wavelength range of about 
700-400 nm. Visible light emitted or 
reflected from objects around us provides 
us information about the world. Our eyes 
are sensitive to this range of wavelengths. 
Different animals are sensitive to different 
range of wavelengths. 


Ultraviolet rays : Ultraviolet (UV) radiation 
is produced by special lamps and very hot 
bodies. The sun is an important source of 
ultraviolet light. UV light in large quantities 
has harmful effects оп humans. Exposure 
to UV radiation induces the production of 
more melanin, causing tanning of the skin. 
UV lamps are used to kill germs in water 
purifiers. 

X-rays : X-rays are used as a diagnostic tool in 
medicine and as a treatment for certain forms 
of cancer. 


Gamma rays: They lie in the upper frequency 
range of the electromagnetic spectrum. They 
are produced in nuclear reactions and are 
also emitted by radioactive nuclei. They are 
used in medicine to destroy cancer cell. 
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UESTIONS FOR PRACTICE 


A helium nucleus makes a full rotation in a circle 
of radius 0.8 m in 2 s. The value of the magnetic 
field induction B in tesla at the centre of circle will 
be 


И 
(9) 2510-9 o £ 
Ho 
719 
(© 109p (ay 45107 
Ho 


A torque required to hold a small circular coil of 
10turns,2 х 10 m?area and carrying 0.5 A current 
in the middle of a long solenoid of 10? turns/m 
carrying 3 A current, with its axis perpendicular 
to the axis of the solenoid, is 

(а) 12nx107Nm (Ы) блх 107 Мт 

(с) 4пх 107 № m (d) 21x107N m 


A conducting circular loop of radius а and 
resistance R is kept on a horizontal plane. A 
vertical time varying magnetic field B = 2t is 
switched on at time t = 0. Then 

(a) power generated in the coil at any time t is 
constant 

flow of charge per unit time from any section 
of the coil is constant. 

total charge passed through any section 


(b 


(c) 


between time f= 0 to f= 2 sis (=) 
R 


(d) all of the above. 
A coil in the shape of an equilateral triangle of 
side | is suspended between the pole pieces of a 


permanent magnet, such that B is in plane of the 
coil. If due to a current I in the triangle, a torque 
Т acts on it, the side / of the triangle is 


1/2 
2[t* t 
о ds) 9 E) 
211€ un ha d 
e x) o (a) 


At a point on the right bisector of a magnetic 
dipole, the magnetic 
(a) potential varies as = 
E 
(b) potential is zero at all points on the right 
bisector 
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10. 


11. 


(0) field varies as ° 
(d) field is perpendicular to the axis of dipole. 


Inan LR circuit v - 50 Hz, L-2H, V=5V,R=19, 
energy stored in inductor is 

(a) 50] (Ы) 25] 

(© 3.66 x 104] (d) 633 х 105] 

Two concentric and coplanar circular coils have 
radii a and b as shown in figure. Resistance of the 
inner coil is R. Current in the other coil is increased 


from 0 to J, then the total charge circulating the 
inner coil is 


b 
Ho lab My Гал? 
Enc p) Ho 
o “RR ом 
Mo lb Hola? 
© rR @ кр 


The dielectric strength of air is 3 x 10° V м". 
A parallel plate capacitor has area 20 cm? and 
plate separation 0.1 mm. Find the maximum rms 
voltage of an ac source which can be connected. 
(а) 210V (b) 300 V 

(с) 435V (d) 490 V 


A galvanometer of resistance 20 Q gives a full 
scale deflection when a current of 0.04 A is passed 
through it. It is desired to convert it into an 
ammeter of range 20 A. The only shunt available 
15 0.05 ©. The resistance that must be connected in 
series with the coil of the galvanometer is 

(а) 4.950 (b) 5.940 

(с) 9450 (d) 12.620 


At a given plane on the earth's surface, the 
horizontal component of earth's magnetic field is 
3» 105 T and resultant magnetic field is 6 х 105 T. 
Angle of dip at this place is 

(а) 30° (b) 40° (е) 50° (d) 60° 
Three identical coils, A, B and C are placed with 
their planes parallel to one another. Coils A and 
C carry currents as shown in figure. Coils B and 
C are fixed in the position and coil A is moved 
towards B. Then, current induced in B is in 


12. 


13. 


14. 


15. 


16. 


17. 


А B с 
clockwise direction 
anticlockwise direction 
no current is induced in B. 
current is induced only when both coils 
move. 


(а) 
(b) 
(© 
(9 


А coil has ап inductance of 0.7 Н and is joined 
in series with a resistance of 220 O. When an 
alternating e.m-f. of 220 V at 50 cycles per second, 
is applied to it, then wattless component of current 
in the circuit is 

(a) 7A (b) 5A 

(© 07A (4) 05А 


A long straight wire carrying a current of 30 А is 
placed in an external uniform magnetic field of 
induction 4 х 10+ T. The magnetic field is acting 
parallel to the direction of current. The magnitude 
of the resultant magnetic induction in tesla at a 
point 2 cm away from the wire is 

(Hio = 4л х 107 Н m!) 

(а) 104 (b) 3x104 

(c) 5x10* (d) 6x10 

The rate of change of current is 500 A s! at the 
instant the key is pressed in the circuit shown in 


figure. The current through the circuit is 
60V 


uM 10mH 
K 550 

(a) 2A (b) 1A 

(© 05А (d) 15А 


In an electromagnetic wave, the electric and 
magnetic fields are 100 V m^! and 0.265 A m. 
The maximum energy flow will be 

(а) 79 УУ m? (b) 132W m? 

(с) 53.0 W m? (9) 26.5 W m? 


There are three wavelengths : 10 m, 102 m, 
10 m. Their respective names are 

(a) visible rays, y-rays, ultraviolet rays 

(b) ultraviolet, microwaves, radiowaves 

(C) X-rays, visible rays, radiowaves 

(d) radiowaves, X-rays, microwaves. 


In the circuit shown in the figure, the switch 5 is 
closed at time t = 0. 


The current through the capacitor and inductor 
will be equal at time t equals 
(a) RC (b) RC In2 


1 
© mcm2 (d) LR 


Directions : Question number 18 and 19 contain, a 
statement of assertion which is followed by a statement 
of reason. 

Mark the correct choice as : 


(a) 
(b) 
(o) 


(a) 
18. 


. Assertion : 


if both assertion and reason are true and reason is 
the correct explanation of the assertion. 

if both assertion and reason are true but reason is 
not the correct explanation of the assertion. 

if assertion is true, but reason is false. 

both assertion and reason are false statements. 


Assertion : The presence of large magnetic flux 
through a coil maintains a current in the coil, if 
the circuit is continuous. 


Reason : Only a change in magnetic flux will 
maintain an induced current in the coil. 
Magnetic susceptibility is a pure 
number. 


Reason : The value of magnetic susceptibility for 
vacuum is one. 


. What is the net force on the rectangular coil shown 


in figure? 


2cmA D 


(a) 25x 107 № towards wire 
(b) 25x 107 № away from wire 
(© 35 х 107 № towards wire 
(d) 35 107 М away from wire 
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21. 


24. 


26. 


27. 


29. 


52 


Two wires of same length are shaped into a square 
and a circle. If they carry same current, ratio of 
their magnetic moments is 


(a) 2:1 (b) 1:2 (c) m:4  (d)4:m 


. Ifa resistance of 100 ©, an inductance of 0.5 H and 


a capacitance of 10 x 10% F are connected in series 
through 50 Hz ac supply, the impedance will be 
(а) 1.879 (b) 10139 

(© 1879 (d) 18970 


. One requires 11 eV of energy to dissociate а 


carbon monoxide molecule into carbon and 
oxygen atoms. The minimum frequency of the 
appropriate electromagnetic radiation to achieve 
the dissociation lies in 

(a) visible region (b) infrared region 

(c) ultraviolet region (d) microwave region. 
A solenoid of 1.5 m length and 4.0 cm diameter 
possesses 10 turn per cm. A current of 5 A is 
flowing through it. The magnetic induction at 
axis inside the solenoid is 

(а) 2nx 10? T (b) 21x 105 T 

(© 2nx10?G (d) 21«105G 


. A wire of length / is bent in the form of a circular 


coil of some turns. A current I flows through the 
coil. The coil is placed in a uniform magnetic field 
В. The maximum torque on the coil can Бе 

Ів? Ів? IB 21B? 


(a) on (b) ig О (d) Е 


A loop of area 0.5 m? is placed іл a magnetic field 
of strength. 2 T in direction making an angle of 
30° with the field. The magnetic flux linked with 
the loop will be 


1 3 
(а) 5% (b) E Wb 
(c) 2Wb (d) Ew 


A transformer is used to light 140 W, 24 V lamp 
from 240 V ac mains. The current in the mains is 
0.7 A. The efficiency of transformer is nearest to 
(a) 90% (b) 80% (c) 70% (d) 60% 


. The magnetic flux through a coreless solenoid 


carrying current I is 5 х 10-5 Wb. If the length of 
solenoid is 25 cm, its magnetic moment is equal 
to 

(a) 1Am? (b) 10 Am? 

(© 125Am? (d) 125A m? 

A circular coil of radius 0.1 m has 80 turns of wire. 
If the magnetic field through the coil increases 
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from 0 to 2 T in 04 s and the coil is connected to 
a 11 Q resistor, what is the current through the 
resistor during the 0.4 s? 


8 7 
(a) (5) b) (i^ () ВА (d) 7A 


. A power transformer with an 8 : 1 turn ratio has 


60 Hz, 120 V across the primary, the load in the 
secondary is 10* Q. The current in the secondary 
is 


(a) 96A (Ы) 096A (c) 96А (d) 96mA 


©: p, 021 
т 
-19 
Here, 1, 26 RION 16x10 A 
цох1.6х10719 
2х08 
= цох 10-9Т 


(a): Magnetic dipole moment of circular loop is 
т= МА = 10 х 0.5 x 2 x 10 = 10° А m? 
Magnetic field inside the solenoid carrying 
current 
В = ponl = 4n 107 x 10° «3 

2121x104 T 
Torque, t= mBsind 

= 103 x 12m x 107 х sin 90° 


=12n*107Nm 
(d): Here, B= 2t 
M -2 
Induced e.m.f., lel = ^. a2 = 2na? 
аа 


Flow of charge per unit time through any section 
of the coil = induced current, 


= —— = constant. 
R R 
Also, power generated, P = РК = constant 
Total charge passed through any section between 
t=0tot=2sis 


2ra? Ana? 
=It=|=™ |(2-0) = 
qt | 5 } i 


(b): Normal to the plane of the coil will be 


perpendicular to the field B. 
^ t=IBAsin90° = ІВА 
Area of equilateral triangle, 


7. 


Ac lcBasex Height =} x1xtsineo? = ВВ 
2 2 4 


2 12 
SÈ xl 45) 
4 V3BI 


(b): Magnetic potential at any point is the amount 
of work done in bringing a unit north pole from 
infinity to that point. At any point on the right 
bisector, the potentials due to the two poles are 
equal and opposite. 


т=1Вх 


(d): Impedance of the LR circuit 


Z= Je eae 
= +412650)? x2? = [394385 = 628 


628 
Energy stored in the inductor, 


uziei are 633x105] 


(d): Initial flux linked with inner coil when [= 0 i 
zero. Final flux linked with inner coil when I = Гі 


Ho! доз 
(& ye. 
Change in flux, d= (& s na? 


As DE 


Total charge circulating the inner coil 
< [Вог ла? _ во! а? 
215) R 


2Rb 
: Electric field, Е= у 


(a) 
V= Ed =3 x 10° x (10+) - 300 V 
V, 


rms 


Vo 
= 2 = 300(0.707) = 210 V 
po 


(a): Let R be resistance connected in series with 
the galvanometer. 5 


(1-15) 


- с > 
Tod R 1 
From figure, 
I, $ 
G+R 


10. 


11. 


12. 


14. 


15. 


16. 


17. 


. (©: в = 


Substituting the given values, we get 
R =0.05( 29. = ) -20 

004 
К= 4.9590 


(d): Horizontal component of earth's magnetic 

field, Вн = B, cos 

By 3x10? 1 

В, 6x10 
6-60 

(b): As coil A is moved closer to B, field due to A 

intercepting B is increasing. Induced current in B 


must oppose this increase. Hence the current in B 
must be anticlockwise. 


с050= 


(©: Неге, X; = wL = 2nvL 
-2nx50x07-220Q 
к=2200 
2= [к +x? = (2202 +220? = 22042 Q. 
Qt, 220 
” Z 2202 


Through L, the current is wattless. 


(4n x107) x30 
2nx0.02 


The direction of Ву will be perpendicular to 
В, (=4*104T) 
Hence, resultant magnetic field at given point is 


y +B3 
= [G x 104)? + (4 x 1042]? =5 x 10 T. 


(b): Induced e.m.f. across L is 


e= L107 x500=5V 


Hol _ 


=3х10* 
Rrr 3x10 


Potential difference across R is, 
V-60-5-55V 

_V_55 
СК 55 

(d): Maximum energy flow in an electromagnetic 

wave, 

5 = Eg x Во = 100 x 0.265 = 26.5 W m? 

(b): A= 105 m — ultraviolet rays, 

X710? m > microwaves, 

7. = 105 m — radiowaves. 


=1A 


(b): Growth of current in RC circuit 
1с= lg! ©) 
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Growth of current in LR circuit 

I= 11-е) Le L R 1 
= I(l — et RO) “В= c IU RC 

But Ic - I. 

mo [ge RC qq — e RO) 

or 2е C =1 

or е/КС=2 


or c -In2 
RC 


or t-RCIn2. 
18. (d 


the coil. 
_ Intensity of magnetisation _ М 
19. (9: Xm = Magnetising field intensity H 


As both M and Н have same units (A тг), so Zm 
is a pure number. But Хи = 0 for vacuum because 


there can be no magnetisation in vacuum. 


211 
(а): 2 
(as 1= 15 ст = 15x 102 m, r2 2cm -2 х 10-2 m) 
211 
Fep Е е 


r 
(as ^ =(10 + 2) ст = 12 х 10-2 m) 
Fret = Fag- Fcp = 25 х 107 № towards wire 
(as Fec = FAp = 0) 

21. (c): Let be the length of each wire. 
For circular loop, 


730x107 N (attractive) 


8 


) =5х10-7 М (repulsive) 


2 iy m 
alis = | =E ле 
m =1А= (nr?) (a) ap Cm) 
IY 12 
Fi loop, m ==] == 
or square loop, ть (4) x 


(as side of the square = 1/4) 


m, 2/16 x 


us, = 
т 12/4 4 


22. (d): As X; = 2nvL = 2n(50)(0.5) = 157.1 Q, 
1 1 


C 2mC 2n(50(107) 
IX, - Xcl 216129, 


2= AR? +(X, - Хе? 
= (100) + (161.2)? 01897 Q 
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9-= 31830, 


: Ifthereisno change in the magnetic flux linked 
with the coil, there is no induced current. The 
current induced in a coil is directly proportional 
to the rate of change of magnetic flux linked with 


. (©): As E=hv, 


24. 


Е lleV 
у=== 


h 414х107 evs 
Frequency range of UV is 104 Hz to 107 Hz 


-27x105 Hz 


(a): B= pon! 
Here n = 10 turns cm = 1000 turns m! 
175A, po=4n x107 T m A71. 

B=4n 107 х 1000 x 5=27 x 10°T 


. (b): Let r be the radius of the coil and л be the 


27. 


number of turns formed. Then 


П н 
I-2nmorr-l— wa (i) 
Maximum torque, Tmax = ВИГА = BnInr? 

Po ag? 
= BnInx a - dms 
Torque will be maximum if n = 1 

max ал 
(d): Here, A =0.5 m?, B- 2 T, 0 - 30° 
\ 


ф = BAcos0 = 2x0.5cos30* = — Wb 


2 
(b): P; 7 240 х 0.7 = 168 W, Ру = 140 W 


By 140 
п 3:100 тер x 100 = 80% 


i 


(a): Magnetic flux, ф= BA [А 


Magnetic moment = МА -# 
nd 0 
25x10 X025 Am 
4nx 10" 


. (а): Here, r=0.1 m, № = 80, 


. (4): Transformation ratio 


dB 2-0 sts в-по 
dt 04 

= NAdB _ Мг?) dB 

dt 


V,7 120 V, R,- 10! 
V, =V, x72 =120х8=960 V 


n 
P 
V, 
E = 960 06103 A=96 mA 
R, 10* 


The questions given in this column have been prepared strictly on the basis of NCERT Physics for Class XI. 
This year JEE (Main and Advanced)/NEET/AIIMS/other PMTs have drawn their papers heavily from NCERT books. 


SECTION 


Only One Option Correct Type 


This section contains 15 multiple choice questions. Each 
question has four choices (a), (b), (c) and (d) out of which ONLY 
ONE is correct. 


1. 


P 


A wire has a mass of (0.3 + 0.003) g, radius 
(0.5 + 0.005) mm and length (6 + 0.06) cm. The 
maximum percentage error in the measurement 
of density is 
(a) 1% 02% (0) 3% 


Which of the following velocity-time graphs 
shows a realistic situation for a body in motion? 


D E 
(a) ut o (NJ 

t t 

v, u 

© Q o | CD 

t t 
A point initially at rest moves along x-axis. Its 
acceleration varies with time as a = (6t + 5) m s. 
If it starts from origin, the distance covered in 
2 seconds is 
(а) 20m (b)18m (© 16m (d) 25m 
A ball is thrown from the ground with a velocity 
of 2043 ms" making an angle of 60° with 
the horizontal. The ball will be at a height of 


40 m from the ground after a time + equal to 
(Take g = 10 m s?) 

(а) J2s (b) № (c) 2s (d) 2435 

A body is moving up an inclined plane of angle 0 
with an initial kinetic energy K. The coefficient of 
friction between the plane and the body is u. The 
work done against friction before the body comes 
to rest is 


(d) 496 


.Hes8 . . 
(a) Ксозо+ытб (b) uK cos 0 
(ә Kose (ау Ко 
Hicos0 — sinà 050+ sind 


A ball impinges directly on a similar ball at rest. 
The first ball is brought to rest Бу the impact. If 
half of the kinetic energy is lost by impact, the 
value of coefficient of restitution is 

n. i, ES УЗ 
(а) xz (b) B (©) T (d) ES 
When a sphere rolls without slipping, the ratio of 
its kinetic energy of translation to its total kinetic 
energy is 
(а) 1:7 (b 1:2 (9 1:1 (d) 5:7 
The acceleration due to gravity at the poles and 
the equator is g, and g, respectively. If the earth 
is a sphere of radius R and rotating about its axis 
with angular speed w, then gy — g, is given by 

o o? 
Qc ® в 
Two rods of different materials having the same 
area of cross-section A, are placed between two 
massive walls as shown in figure. The first rod 
has a length h, coefficient of linear expansion 
ол and Young's modulus Y;. The corresponding 
quantities for the second rod аге l», оз and Y». 
The temperature of both ends is now raised by 
T degrees. The force with which the rods act on 
each other at higher temperature is given by 


(c) wR? (d) w?R 


(а) p- Той +аз)л lı —P lh 
hib Yy o1 Y» 0 
я Y 
T(Ia *1505)A 
(Ы) F= (ho + hon) 


NS 
м Y» 
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10. 


11. 


12. 


13. 


14. 


56 


ей 
у Y 


(ho, +0) 
А soap bubble of radius r; is placed on another 
soap bubble of radius rə (ri < r2). The radius К of 
the soapy film separating the two bubbles is 


© F= 


Ges (1+5) 


@) ntn e (2+2 
n 

З pry —. 

(© (+5) (9) 5-n 


A solid sphere of volume V and density p floats at 
the interface of two immiscible liquids of densities 
ру and р» respectively. If p; <р < p», then the ratio 
of volume of the parts of the sphere in upper and 
lower liquid is 


(а) РР (p 2 
Р-Р Р-Р 
Р-Р: +P 

с) — C) 

B P+P2 a p*pi 


Liquid oxygen at 50 Kis heated to 300 К at constant 
pressure of 1 atm. The rate of heating is constant. 
Which one of the following graphs represents the 
variation of temperature with time? 


> 


g E 
E Е 
Е Е 
H |~ 
og (5) H 
T Time a Time 
p^ 
E 4 
Е Е 
() &| (d) &| 
E Е 
б тае P —Tme 


When the tension in a metal wire is Ту, its length 
is h. When the tension is T», its length is 12. 
The natural length of wire is 


m 
(а) eb) (b) Til + Tala 
1 
hT z bT, 
T P" T 

A body cools from 50°C to 49°C in 5 s. How long. 
will it take to cool from 40*C to 39°С ? Assume 
temperature of surroundings to be 30°С and 
Newton's law of cooling is valid. 

(а) 25s (b) 10s 

(с) 205 (9) 55 


1+1 


d; 
(a) T+T, 


(© 
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| 3& 


5 moles of an ideal gas is carried by a quasi-static 
isothermal process at 500 K to twice its volume as 
shown in figure. 


Find the work done by the gas along the path АВ 


and the pressure ratio Ра, 
РА 

(Given К = 8.31 J mol"! K+, log? = 0.3010) 

(а) 14401],2 (b) 3428 J, 2 


1 а 1 
() 14401,5 (9) 34281, 


One ог More Options Correct Type 


This section contains 10 multiple choice questions. Each 
question has four choices (a), (b), (c) and (d) out of which ONE 
or MORE are correct. 


16. 


17. 


18. 


19. 


The motion which is not simple harmonic is 
(a) vertical oscillations of a spring 

(b) motion of simple pendulum 

(c) motion of a planet around the sun 

(d) oscillation of liquid column in a U-tube 


A simple pendulum of length 1 is set into motion 
such that thebob moves along a horizontal circular 
path, and the string makes a constant angle with 
the vertical. If Р is the time period of motion and 
T is tension in the string, then 

(a) Tet? (b) T= (c) Tel (d) T«r 
Two bodies A and B have thermal emissivities 
of 0.01 and 0.81 respectively. The outer surface 
areas of the two bodies are equal and emit total 
radiant power at same rate. The wavelength 
Ag corresponding to maximum spectral radiancy 
in the radiation from B is shifted from the 
wavelength corresponding, to maximum spectral 
radiancy in the radiation from A by 1 pm. If the 
temperature of A is 5802 K, then 

(a) the temperature of B is 1934 K. 

(b) Ag=1.5 um. 

(c) the temperature of B is 1160 K. 

(d) Ag 72.5 um. 

One mole of an ideal monoatomic gas is taken 
from A to C along the path ABC shown in figure. 
The temperature of the gas at A is То. For the 
process ABC (where R is gas constant) 


20. 


21. 


(а) heatabsorbed by the gas is n RT). 


(b) heat absorbed by the gas is u RT). 


(c) work done by the gas is RT. 
(d) change in internal energy of gas is ? RT 


The potential energy of a particle of mass 0.1 kg 

moving along the x-axis is given by Ш = 5x(x — 4) J 

where x is in metres. Which of the following 

15/аге correct statement(s)? 

(a) The particle is acted upon Бу а constant force. 

(b) The particle executes SHM. 

(c) The speed of the particle is maximum at 
х=2т. 

(d) The period of oscillation of particle is 1/5 s. 


A wave is represented by the equation 
у= Asin(102x+1521+2) 


where x is in metres and Е is in seconds. The 

expression represents 

(a) a wave travelling in the positive X direction 
with a velocity of 1.5 m 51. 

(b) a wave travelling in the negative X direction 
with a velocity of 1.5 т 1. 

(©) a wave travelling in the negative X direction 
with a wavelength of 0.2 m. 

(d) a wave travelling in the positive X direction 
with a wavelength of 0.2 m. 


. The moment of inertia of a thin square plate 


ABCD of uniform thickness about an axis passing 
through the centre O and perpendicular to the 
plate is 


(а) hth (b) 
(© hth 


5+4 
(d) h+h+h+h 


(Where h, I» Б and I, are respectively the 
moments of inertia about axes 1, 2, 3 and 4 which 
are in the plane of the plate). 


23. A point mass of 1 kg collides elastically with a 
stationary point mass of 5 kg. After their collision, 
the 1 kg mass reverses its direction and moves 
with a speed of 2 m 51. Which of the following 
statement(s) is (are) correct for the system of these 
two masses? 

(a) Total momentum of the system is 3 kg m 571. 

(b) Momentum of 5 kg mass after collision is 
Akgms. 

(c) Kinetic energy of the centre of mass is 0.75 J. 

(d) Total kinetic energy of the system is 4 J. 


24. Given figure shows a lamina in XY-plane. Two 
axes Z and Z' pass perpendicular to its plane. 
A force F acts in the plane of lamina at point P as 
shown. Which of the following is (are) true? (The 
point P is closer to Z'-axis than the Z-axis.) 
z 
z 


(a) Torque t caused by Ё about Z-axis is along 
ES 

(b) Torque T caused by Ё about Z’-axis is along 
-k 

(c) Torque € caused by F about Z-axis is greater 
in magnitude than that about Z'-axis. 

(d) Total torque is given by и 2 tt^. 


25. When a wire is stretched to double its length 
(a) its radius is halved. 
(b) strain is unity. 
(c) stress is equal to Young's modulus. 
(d) Young's modulus is equal to twice the elastic 
energy per unit volume. 


SECTION 


Paragraph Type 
This section contains 2 paragraphs describing theory, 
experiment, data etc. Two questions related to the paragraph 
with two questions paragraph. Each question of paragraph has 
only one correct answer among the four choices (a), (b), (c) 
and (d). 


Paragraph for Questions 26 and 27 


A rocket is fired vertically upwards with a speed of 
v(= 5 km 571) from the surface of earth. It goes up 
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to a height h before returning to earth. At height ht а 
body is thrown from the rocket with speed vo in such 
a way so that the body becomes a satellite of earth. 
Let the mass of the earth, M = 6 x 10? kg, mean radius 
of the earth ina line, К=6.4х 105m, G=6.67 x 10-1 N 
m?kg?, g =9.8 m s? 
26. The value of h is 

(а) L5x 105m (b) 3.2* 105m 

(© 32х10 т (d) L6* 105m 
27. The value of vo (orbital velocity) of satellite is 

(a) 67km s! (b) 7.1km s! 

(© 78kms (d) 82km s 


Paragraph for Questions 28 and 29 


According to Doppler's effect in sound, the apparent 
frequency (0) of sound heard by a listener when the 
relative motion between the listener and the source is 


given, 
v-v 

v= (= p 
0-0; 


where v is actual frequency of sound emitted by the 
source, v is velocity of sound in air, v; is velocity of 
listener and vg is velocity of source. The velocities 
along SL are taken as positive and velocities along LS 
are taken as negative. 


28. A tuning fork producing sound of frequency 
256 Hz is moving towards a listener with a velocity 
of 20 m s^! If velocity of sound in air is 340 m s^, 
the apparent frequency of sound heard is 
(a) 272 Hz (b) 256 Hz (c) 300 Hz(d) 340 Hz 

29. In theabove case, if the fork moves at right angles 
to the line SL, the apparent frequency of sound 
heard would be 
(a) zero (b) 256 Hz (с) 272Hz(d) 240 Hz 

Matching List Type 

This section contains 2 multiple choice questions. Questions has 

matching lists. The codes for the lists have choices (a), (b), (c) 

and (d) out of which ONLY ONE is correct. 

30. Match the quantities given in List I with the 


horizontal range given in List II for a particle 
projected with velocity и. 


List I List II 
P. Its horizontal range is thrice the 1. | 4u? 
greatest height attained 5g 
Q. Its maximum height is thrice Һе 2. — 54,2 
horizontal range attained 1455 
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К. Its horizontal range is twice the 3. | 16 u? 
greatest height attained | 65$ 
S. Its maximum height is twice the 4. | 54,2 
horizontal range attained Be 
Codes 
P Q R S 
@1 2 з 4 
2 4 1 3 
(Q4 2 1 3 
d)4 2 3 1 


31. A ball thrown up is caught by the thrower after 4 
seconds. Use g = 9. 
Match the quantities given in List I with the 
horizontal range given in List II. 


ListI | List II 
P. The height of ball after |1. 147m 
2 seconds 
Q. Theheightofballafter |2. 196m 
3 seconds | 
В. Thespeedoftheball 3. 98 m s” 
after 3 seconds | 
S. The speed of ball after |4. 196ms! 
4 seconds | 
Codes 
P <Q R 5 
(1 2 3 4 
(2 1 3 4 
(1 2 4 3 
(2 1 4 3 
Assertion-Reason Type 


This section contains 4 questions. Read the two statements in 
the following questions. Of the four choices given, choose the 
one that best describes the two statements.. 

(a) Statement-l is true, Statement-lI is true; Statement-l is a 
correct explanation of Statement-I. 

Statement-| is true, Statement-II is true; Statement-ll is not 
a correct explanation of Statement-|. 

(0 Statement- is true, Statement-ll is false. 

(d) Statement is false, Statement-II is true. 


32. Statement : In simple harmonic motion the 
velocity is maximum when the acceleration is 
minimum. 

Statement-II : Displacement and velocity of SHM 


(b) 


differ in phase by 5. 


33. Statement-I : Coefficient of adiabatic elasticity 
of air is greater than the coefficient of isothermal 
elasticity. 

Statement-II : Heat is exchanged freely in a 
isothermal change, but not in an adiabatic 
change. 


34, Statement-I : A dam for water reservoir is built 
thicker at bottom than at the top. 
Statement-II : Pressure of water is very large at 
the bottom. 


35. Statement-I : Smaller drops of liquid resist 
deforming forces better than the larger drops. 
Statement-II : Excess pressure inside a drop is 
directly proportional to its surface area. 


SECTION - 6 


Integer Value Type 


This section contains 5 questions. The answer to each question 

is a single digit integer, ranging from 0 to 9 (both inclusive). 

36. Two exactly identical rain drops falling with 
terminal velocity of 2 m s"! coalesce to form a 
bigger drop. Find the new terminal velocity of the 
bigger drop. 

37. A material has Poisson's ratio 0.5. If an uniform 
rod of it suffers a longitudinal strain of 2 х 1073, 
what is the percentage increase in volume? 


38. A particle executes SHM of period 8 s. After what 
time of its passing through the mean position, 
will the energy be half kinetic and half potential? 


39, A pump motor is used to deliver water at a certain 
rate from a given pipe. To increase the rate of 
water flow two-times from the same pipe, by how 
much power should be increased? 


40. A hoop of radius 2 m weighs 100 kg. It rolls along 
à horizontal floor so that its centre of mass has 
a speed of 20 cm 51. How much work has to be 
done to stop it? 


LUTIONS 


1. (d):Since density p= 4- 
I 


Maximum percentage error in density, 


- (22s Md 
03 05 6 
= (0.01 + 0.02 + 0.01) х 100 =4% 


2. (b): In option (a), (c) and (d), we can find from 


Jae 


graph that at a single time there is more than one 
velocity, which is not possible practically. Hence, 
v-t graph in option (b) shows a realistic situation 
for a body in motion. 


(b): Given, а= 6+5 NOI 


xod 
Integrating equation (i), je = je +5) 
0 0 


2 
As 9-85, от &- (£n ye wii) 
dt 2 


а 
Integrating equation (ii), j а= Ге +5 IL 
0 


When t=2s, 5=22 + =18m 


5x2? 
2 


(с) : As in projectile motion, 


s=u sind 1-180, wai) 
Here, и = 2043 ms 


$=10т s? and 510 = sin60° = 


xl 


Using (i) we get 
0-20 кВ Токи 
or 52-30t«40-00rP?-6t«8-0 
= t-2sor4s. Hence, the minimum time (22s 


(d): Let the distance travelled by the body on the 
inclined plane be h. 
From the free body diagram shown in figure 


R = mg cost 
-ma = uR + mg sin 8 
From equations (i) and (ii) 
та = umg cos® + mg sind 
or a--g(u cos0 + sin) 
Since, v? — и? = 2ah 
12 - 2ah (^v-0) 
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and kinetic energy, K=} m? or #=K 
2 2 т 
ah= - v) 
Work done, W = Fs = mg(h sin Ө) (v) 
From equations (iii) and (iv) 
Ksin@ 
Licos® + sing 
But ц = tanü 
or 510 = cose 
Kucosð 
~ picos + sing 


(c) : Let u and v; be the initial and final velocities 
of ball 1 and из and v; be the similar quantities for 
ball 2. Here, из = 0 and vi = 


initial KE, К, = ти? + тиз =m 


and final KE, К, = ims * im - imd 


Loss of KE, AK = K, -K, = imi -im 


Ae ing to qnae 


i v 
= iiw "imi 5" 


(half E: its KE is lost by impact) 


u 
or и? =202 ого = $ 


Coefficient of restitution, 


-(2 -u 2-4 

ш x42 
(d): The ratio of translation kinetic energy to total 
kinetic energy, 


My =U 


Ine and v» ro) 


(d): Acceleration due to gravity at a place of 
latitude À due to the rotation of earth is, 
g = 5 Rorcos*a 
At equator, À = 0°, cos 0° = 
n кес Ко? (i) 
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10. 


At poles, 4 = 90°, cos 90° = 0 


РЕ sii) 
From pum (i) and (ii) 

is (8 - Ro?) 

“= Ro? 


(b): At the higher temperature T, increase in the 
length of I rod = hoT, 

and increase in the length of 2^4 rod = hoT 

Total increase in length = T(ls0 + роз) 
= Пот + hoT 

The walls will not allow the rods to lengthen. 
Hence, one rod presses on the other and 
vice-versa producing decrease in length keeping 
the total length the same. Let F be the force acting 
on one rod due to the other then decrease in 


length of the 19 rod = PL 


1 
Fl, 
and decrease in length of 2"4 rod = (&) 


Total decrease in length 1+. 


Now, decrease in length = 


FL L 
> Tiho +1595) = t) 
15 


increase in length 


p- They +в) А 


DNA 
m" 
ul Y» 


(d): Two soap bubbles of radii r; and rz (ri < 72) 
come together to form a double bubble. Let T 
represents the surface tension of the liquid and P 
the atmospheric pressure. 


Pressure inside the smaller bubble = P + T. 


ñ 
Pressure inside the larger bubble = P + T. 
12 
Pressure difference = 47 {1-1 
ht 


Now pressure on the concave side of the soapy 
film separating the two bubbles is greater than 


that on the convex side by T 
ii 
R n5 
1.575 ив. "È 
R т n-A 


11. (b): V- Volume of solid sphere. 


12. 


13. 


14. 


Let V; = Volume of the part of the sphere immersed 
in a liquid of density p; and V; = Volume of the 
part of the sphere immersed in liquid of density 
P2 

According to law of floatation, 
Vpg = Vipig + V2P28 

and V=V; + V 

Hence from (i) and (ii), 

Vipg + Vapg = Vipig + V2P28 

or Vi(p-pi)g = V2(P2- р) 
И 202-0 

У Р-Р 

(a): Temperature of liquid oxygen will first 
increase in the same phase. Then, the liquid 
oxygen will change to gaseous phase during 
which temperature will remain constant. After 
that, temperature of oxygen in gaseous state 
will increase. Hence option (a) represents 
corresponding temperature-time graph. 


(c) : Since y = FL 
AN 


As Y, Гапа A are constants, 


or 


E constant ог АГ F 
А 


Hence, h - 1 Ту 

and h =] Tz 

—— 4X h-l T 
Dividi i) by (ii), = 
ividing (i) by (ii), LI T 


ог hT;-IT; - LT; - IT, => KT; Т) = hT, - ВТ 


or 


(b): From Newton's law of cooling 


T-n (ith 
Ei laic PN CE UC UE, 
t 2 

where, То = temperature of surroundings 


50-4 (9-8 op) 
h 2 


1 = ка9.5) 


h 
~- (2222-20) 
2 


or 


w= i) 


~ (ii) 


Dividing equation (i) by (ii), we get 
fy 195 
h 95 


15. 


16. 


17. 


18. 


= e x5-105 


(©) : Here, n =5, T - 500 К, Vg = 2V4, 
R=831J mo K- 

Now, in the quasi-static isothermal process work 
done, 


Wio. =nx2303x RTIog Ze 
A 


-5x2303x831x 500 log VA 
Va 


x 2.303 х 8.31 x 500 log 2 
=5 x 2.303 х 8.31 х 500 x 0.3010 = 14401 J 
For an isothermal change, РАМА = Pg Ув 


iM Va i 
P, Vs Wy 2 


(©): The motion of a planet around the sun is 
a periodic motion but not a simple harmonic 
motion. All other given motions are the examples 
of simple harmonic motion. 


(a,c) : In case of conical pendulum shown in 
figure 


T cos 0=mg 


2 2 
and Тіп = "07 = mro? = mr 
r t 


a (ii) 
and r=/sin Ө 
2 2 
or Tsin0- ml sing 27 = у 47. 
ё t 
Te land Tt? 


(a,b) : Radiant power, P =e c AT* 
As P4 = Pg and surface areas of the two bodies are 
equal, 


еАТА 
ya 
n- ) х 5802 = 1934 К 
ев 
According to Wien's law, 
ХАТА = АвТв 
T 5802 
а= ТА = AMO 3, 
T, 1934 


PHYSICS FOR YOU | FEBRUARY 14 61 


Also Ав-Ад=1ыт 


or Ав=1.5 рт 
19. (bcd) : In the process AB, Р = constant. 


хо VaT. 

As Vg-2Vo-2 Va, 

or Ts=2T4=2To 

2 AWap= Po(2Vo -Vo) = PoVo = RT; 


AQ, = CpAT = (ёк Jar 
[^ For mono atomic gas Cp = BR ] 
= (à Jar -т)= 2 RT) 
AUas = АОлв - AWan 
=Š ЕТ - ВТ = ЗАТ, 


In the process BC, 

V = constant 

А Рет 

As Рс=2Ру=2Рь, :. Тс=2Тв=4То 

АИвс=0 (7 change in volume is zero) 


АОвс = АИвс = САТ) 
= G nan, -21,)= ЗАТ, 


AWpet = AWap + AWgc = RTo +0 = RT 
AQnet = АОлв + АОвс 
= 2n +3RTy = Ч RT, 


Now, Alnet = AQnet АИ 
11 9 

= Ц рту - RT, - 2 КТ, 
2 0 0 2 0 


20. (b,c,d) : Here, U - 5x(x - 4) =( 5x? — 20 x) J 
wn (i) 


Since F = x and it is directed towards mean 
position, hence the particle executes SHM. 
In SHM, the speed is maximum at mean position 
where force is zero. 

0=-10х+20 огх=2т 
Here, ma? = 10 
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21. 


BB 


10 


=100 or ®=10 rad st 
0.1 


(b,c) : Compare the given equation with standard 
form 


2nt 
y=Asin(222 428 ias), we get 


25.6 = 4=2%=02m 
a 107 
2 

s, 


26.10 =» Tat 
T 15 


A 02 -1 
=t=— =1. 
а 
In the equation, x is positive therefore the wave is 
travelling along negative direction of X-axis. 
(a,b,c) 


(a,c): 5k 


1kg и 
и 


Before collision 


5k 
[3 : 
vw-2ms! 1M 2 


After collision 
From law of conservation of linear momentum, 
mu + mou» = mio, + mao» 
or 1x uy +m * 0=1(-2) +505 
or m-55-2 BIO! 
Since the collision is elastic, 
velocity of approach = velocity of separation 
after collision 
ie. u-u 
or uj-0-v; 
Or 5 70?*2 
From equation (i) and (ii), 
52 =1 т 5-1 апаш =3 т! 


2-01 
2) 
^. (ii) 


(a) Total momemtum of the system 
= тщ + mous 
-1kgx3msem»x0-3kgms? 
(b) Momentum of 5 kg after collsion = nv» 
-5kgxlms!-5kgms? 
(c) KE of centre of mass = i Тушь — 
туш +My 1x34mx0 3 d 
татьи, _1x3+mx0 3 5; 
(T itn te cg mE) 
-1 EV 
=F (1 kg +5 kg)(0.5 m s 075] 


24. 


А 


. (bcd) : (b) Strain = а = 


(b,c): 


(a) As t=7xF and 7x F is along Z-axis 
(ie. € is anticlockwise), 

Hence, is along Ё direction. 

(b) As 
(ie, 
Hence 7 is along -k direction 

(c) Since Ё is farther from Z-axis, 111>17 1. 


T =r xF and r’xF is along- Z-axis 
7 is clockwise) 


(d) t, +7+т as there is no sense in adding 


torques about two different axes. 


stress 
strain 


(d) Elastic energy per unit volume, i.e., 


(Qv- = stress 


и= (3) stress х strain 


ог u=txyx1 
2 


Y=2u 
(9): According to law of conservation of total 
mechanical energy, 


total energy of rocket at the surface of earth = total 
energy of rocket at the highest point 


(~ stress = Y and strain = 1) 


or Ins? +6") о (Gn 
2 R+h 

or 2 =GM__GM__gR*__gR* 
2 R (R«h R (R+h) 


h 
Б яя) (5) 


ог vAR+h)=2gRh 

ог Ко? =2gRh-v7h = QgR – v2) 
ва? 

| QgR-v)) 

Е 64x10 х(5 х10)2 

© 2x9.8x64x105) -(5x 105)? 
=1.6*10°m 


or 


27. 


(b): The orbital velocity of satellite is 
GM 


КАГУТ 


1/2 
2 ан viui 
6Ax105 - 16x 105 ` 


. (а): Since source is moving towards listener. 


Hence, apparent frequency of sound heard, 


y= ху _ 340x256 
v-v, (340-20) 


=272 Hz 


. (b): When the source moves at 90° to the line 


joining the source and the listener, apparent 
frequency remains unaffected. 


. (c): (P) As, horizontal range = 3 х greatest height 


? si 2 sin? 
и? 5іп29 _ u^sin^g 
8 2g 


ог 25110 соѕ0 = 3sinto 


ог tan0--7 £, sind=4 and cost - 
3 5 


2. 
Horizontal range = “x 2sin@cos0 
8 


2 
RENE 
4 5 5 25; 

(©) As, maximum height = 3 х horizontal range 


12 5іп29 _ 3u?2sin@cos® 
2g $ 
ог tan0-12. 


В 12 
Now, sing = —— 
v145 


1 
and cos0- —— 
v145 


Horizontal range 


24 u? 
145g 
(R) As horizontal range = 2 х greatest height 


2 
=" хх 12 I 


v145 j V145 ~ 


= Г РИА. ү 
> Ap x 2sin0cos9=2x "Sn 8 
tan0=2. 


2 
Now sing =—= and соѕ0 
RE 


Ре. 
Horizontal ran en ax xL 
5 В V5 

NETS 

5g 
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31. 


32. 


(S) As, maximum height = 2 х horizontal range 
и? 5іп20 
2g 
tan0 = 8, 


u? М 
-2x7—2sin0cos 
8 


Now sinü- В and соѕ0= 


1 
ves EI 


Horizontal range 20у ву 
8 es Wes 

_ 16? 

| 658 


(c) : Here, time of ascent + time of descent = 4 s 

Therefore, time of ascent = time of descent = 2 5 

It means the ball is at the highest position after 

2s. 

Taking vertical upward motion of the ball upto 

the highest position, we have 
a--98ms?,t-2s,v-0 

+at 

or 0-u-98x2 

or и= 19.6 т! 


(Р) s-ut dae -196x24 1(9в)х 22-196 т 
(Q) When t 23s, then 
96x34 1698)х 32 =147 т 


For speed, use v = u + at 
(R) When t=3 s, then v= 19.6 + (-9.8) х3 
--98ms! 
(S) When = 4s, then v= 19.6 + (-9.8) х4 
=-19.6 m s! 


(b): As velocity 
оо oi) 


and acceleration 
d? 
When y 2 0 


velocity, * = @A (maximum) 


~ (ii) 


diy 
and accelertaion У = 0 (minimum) 
dt 


wheny-A, v= ao (minimum) 


d? у 
and acceleration Pa =-0?A (maximum) 
t 
Hence, acceleration of a particle executing SHM 
is zero (where velocity is maximum) at mean 
position and maximum at extreme position where 
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velocity is minimum. 
Now, let y =a sin(wt + 0) 


Then velocity Ei = aocos(ot +6) 


= aosin (at « 6). 2) 

Thus, displacement and velocity of SHM differ by 
Z in phase. 

2 Р 

33. (b): For ап isothermal process, PV = constant. 
Differentiating both sides, PdV + VdP = 0. 
or Рау =-VaP or P2 -— P — =K, NO 

dv/V 
For an adiabatic process, РУ! = constant 
Differentiating both sides, 
yPVCdV* VidP-0 ог yPdV+VdP=0 
-aP 1 
P= =1к ii 
or avv y" s 
From equation (i) and (ii), 
К,= үк, 
As ү>1, therefore Ка > К; 

34. (а): With increase in depth the pressure increases 
from the formula P < h, therefore, the force 
perpendicular to the wall of dam increases. Hence, 
the dam must have greater strength at base than 
at top. Due to this dams are make thicker at the 
base than at the top. 

35. (c): From the formula, 

Excess pressure, Р= т 

Неге, T is surface tension, r is the radius of 
liquid drop. Hence, excess pressure is inversely 
proportional to radius and hence, the surface area. 
Therefore, the excess pressure inside а smaller 
drop is large as compared to the larger drop due 
to which smaller drop of liquid resists deforming 
forces better than a larger drop. 

36. (2) : Since, volume of bigger drop 

= 2 х volume of smaller drop. 
ing. (4 п) = R=; 
3 3 
As terminal velocity, v œ 72, 
eV R? T 22/32 E 
v r r? 
Clearly, У=223 0 = 228 (213 m 571) =2 m s! 
37. (0) : Here, AL 


=2х10°,6=05 
L 


38. 


39. 


к e2, 
2.2) 


=- 0.5 (2*103) =-1х103 


2 
(ei) : 
av PL 4 7) D'xaL«Lx2DxAD 
V DL 
4 
or x100+(242 }x 100 
D 
= (2% 10-9 +2 (-1 * 109% =0 % 
(1): Here, К=ТЕ, 
2 
= тоу? Ел ) 
2(2 
1 
or y- A 
МЕЛ 
ei ані NT) 
Also, @ T8 grads 
As equation of SHM, 
у = Acos(ot), 
ог 1 д= Acos(wt) 


or cosot= = co (Е ) 
42 4 


л 
ot == 
= 4 


From equation (i) 
(2}-=(2) ог t-1s 
а) M 


(8): As P=Fo= (2). [^ Momentum, p = nv] 


dt 
BI = (от), оз dm E 
= [Что = (о à Joe 2 de 0 


But ан = mass of water flowing per second 
t 
- Volume of water flowing per second 
density of water 


dm _ Е 
dt ii) 


Further, if а is the area of cross-section of the 
pipe, 


Vp 


V=% ог v= 


ajs 


From eqns. (i), (ii) and (iii), 


2 
p-(¥) vp- Y1 
a а 


Thus, Юг V to become 2V, P should Бе (23)Р, 
ie, power of the motor should be increased 8 
times. 


è 


jie.,P œ V? 


40. (4): Total KE of the hoop, 


K - К, (KE of translation) + K, (KE of rotation) 

= 102+ ц? 

2 2 
sim? +1 Jo? = то? 
2 2\2 
(as I = MI of the hoop of radius г about ап axis 
perpendicular to its plane — in ) 
or К=(100)(0.2)?] -4] 
(7 v=20 cms! =0.2 m s!) 

Work required to be done to stop the Воор=К=4] 


Note : The radius of the hoop has no role to play 
in this case. ни 


7 DO YOU KNOW? 


O Because of differences in gravity, a 200 pound person would only 


weigh 76 pounds on Mars. 
Electric eels can stun both predators and prey with electric shocks 
of around 500 volts. 

Energy from food is usually measured in joules or calories, 

Light from the Earth takes just 1.255 seconds to reach the Moon. 
Sound travels at a speed of around 767 miles per hour (1,230 
kilometres per hour). 

When traveling at 80 kilometres per hour (50 miles per hour), cars 
use around half of their fuel just to overcome wind resistance. 
Water can work against gravity, moving up narrow tubes in a 
process called capillary action. 

A magnifying glass uses the properties of a convex shaped lens to 
magnify an image, making it easier to see. 

A scientist who studies physics is known as a physicist. 

Uranus is the only planet in our solar system that rolls on its 
side like a barrel, while Venus is the only planet that spins in the 
opposite direction to Earth. 

The fastest land animal in the world is the Cheetah, clocking a 
тах speed of around 113 km per hour (70 mph). 

1921 Nobel Prize in Physics was won by Albert Einstein for his 
work in the field of theoretical physics. 
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SAMPLE PAPER 


CBSE CLASS XII 


BOARD EXAMINATION 


A hollow metal sphere of radius 10 cm is charged 
such that the potential on its surface is 5 V. What 
is the potential at the centre of the sphere? — [1] 


A toaster produces more heat than a light bulb 
when they are connected in parallel to a 220 V 
mains. Which has the greater resistance? ш 


Why do we prefer steel ог alnico for making | 


ni 
In India, domestic power supply is at 220 V-50 Hz, 
while in USA, itis 110 V-50 Hz. Give one advantage 
and one disadvantage of 220 V supply over 110 V 
supply. 1 

How will you represent 
3700 © + 10% by colour code? ш 
What type of wavefront will emerge from (i) a 
point source and (ii) distant light source? [ti 
What is the basic difference between an 
analog communication system and digital 
communication system? ш 


What should be the length of the dipole antenna 
for a carrier wave of frequency 3x 10 Hz? — [1] 


permanent magnets? 


a resistance of | 


The output of a two input AND gate is connected | 


to both the inputs of a NAND gate. Draw the logic 
circuit of this combination of gates and write its 
truth table. [2] 


Light of wavelength 3500 A is incident on two | 


metals A and B. Which metal yields photoelectrons 
if their work functions are 4.2 eV and 1.9 eV 
respectively? 

OR 


Photoelectric effect experiments are performed 
using three different metal plates p, q and r 
having work function, $, = 2.0 eV, 6, = 2.5 eV and 
$, = 3.0 eV respectively. A light beam containing 
wavelengths of 550 nm, 450 nm and 350 nm with 
equal intensities illuminates each of the plates. 
The correct I-V graph for the experiment is 

(Take lic = 1240 eV nm) 
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14. 


. Two point charges, 4, = 


1 р 1 
а) ; 9 
р 
v V 
1 q I 
© е (d) 
Е 
V 14 
[2] 


. Electrons are continuously in motion within a 


conductor but there is no current in it unless 
some source of potential is applied across its 
ends. Give reason. [" 


. A small metal sphere carrying charge +Q is 


located at the centre of a spherical cavity in a 
large uncharged metal sphere as shown in figure. 
Use Gauss's theorem to find electric field at the 
points P, and Р,. 


Р] 


. Two coherent sources, whose intensity ratio is 


81 : 1, produce interference fringes. Calculate the 
ratio of intensities of maxima and minima in the 
fringe system. 12] 


Write the relation for the force F acting on a 
charge particle having charge 4 moving with 
a velocity 5 through a magnetic field B in 
vector notation. Using this relation, deduce the 
conditions under which this force will be (i) 
maximum (ii) minimum. 02] 
10 х 105 C and 
9, = -2 х 10% C are separated by a distance of 
60 cm in air. 
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16. 


17. 


18. 


19. 


20. 


G) 
(ii) 


Find at what distance from the 1* charge q, 
would the electric potential be zero. 

Also calculate the electrostatic potential 
energy of the system. [2] 
А 15 uF capacitor is connected to 220 V, 50 Hz 
source. Find the peak current. 12] 
Draw а graph showing the variation of stopping 
potential with frequency of incident radiation. 
What does the slope of the line with frequency 
axis indicate? [2] 
A straight horizontal conducting rod of length 
0.45 m and mass 60 g is suspended by two vertical 
wires at its ends. A current of 5 A is set up in the 
rod through the wires. (а) What magnetic field 
should be set up normal to the conductor in order 
that the tension in the wires is zero? (b) What will 
be the total tension in the wires if the direction 
of current is reversed, keeping the magnetic field 
same as before. (Ignore the mass of the wire, 
Take $ 79.8 m s?). [2] 
The plates of a parallel plate capacitor have an 
area of 90 cm’ each and are separated by 2.5 mm. 
The capacitor is charged by connecting it to a 
400 V supply. 

(a) How much electrostatic energy is stored by 
the capacitor? 

(b) View this energy as stored in the electrostatic 
field between the plates, and obtain the energy 
per unit volume (и). Hence arrive at a relation 
between и and the magnitude of electric field E 
between the plates. [3] 


A multirange voltmeter can be constructed 
by using a galvanometer circuit as shown in 
figure. We want to construct a voltmeter that can 
measure 2 V, 20 V and 200 V using a galvanometer 
of resistance 10 Q and that produces maximum 
deflection for current of 1 mA. Find R, R, and R, 
that have to be used. 


Ry R2 R3 
2V 20V 200V 
OR 


In the figure two long parallel current carrying 
wires I and II are shown. Find the magnitudes 
and directions of the magnetic field induction at 
the points P, Q and R in the plane of paper. 
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21. 


24. 


T П 
20А 30А 
P Q R 
10 ст | 10 cm 10cm 
+ > -> 


D 


I3] 
Due to economic reasons, only the upper side 
band of an AM wave is transmitted, but at the 
receiving station, there is a facility for generating 
the carrier. Show that if device is available which 
can multiply two signals, then it is possible to 
recover the modulating signal at the receiver 
station. 13] 
A double convex lens made of glass of refractive 
index 1.6 has its both surfaces of equal radii of 
curvature of 30 cm each. An object of 5 cm height 
is placed at a distance of 12.5 cm from the lens. 
Find the position, nature and size of the image. 


13] 


. Calculate the longest and shortest wavelength 


in the Balmer series of hydrogen atom. Given 
Rydberg constant = 1.097 х 107 m”. 13] 


Ram was а student of science and was suffering 

from disease. He was under treatment of a 

registered medical practitioner. The doctor sent 

Ram repeatedly for X-ray examination. Ram was 

hesitant for the same. He told the doctor that they 

had been taught that the repeated exposure to 

X-rays would be harmful. The doctor told him not 

to worry as he knew things better. 

Read the above passage and answer the following 

questions. 

(i) For what purpose X-ray examination of a 
patient is required by a doctor? 

(ii) Is the doctor right to ask Ram for repeated 
X-ray examination? 


(iii) What do you learn from this study? I3] 


. Amyopicadult has a far point at 0.1 m. His power 


of accommodation is 4 diopters. (i) What power 
lenses are required to see distant object? (ii) What 
is his near point without glasses? (iii) What is his 
near point with glasses? Take the image distance 
from the lens of the eye to the retina to be 2 cm. 


13] 


26. 


27. 


29. 


Suppose India has a target of producing by 
2020 A.D., 2x 10°MW of electric power, ten percent 
of which is to be obtained from nuclear power 
plants. Suppose we are given that on an average, 
the efficiency of utilization (ie, conversion to 
electrical energy) of thermal energy produced in 
a reactor is 25%. How much amount of fissionable 
uranium will our country need per year? Take 
the heat energy per fission of U^* to be about 
200 MeV. I3] 
4 cells of identical emf e, internal resistance r 
are connected in series to a variable resistor. The 
following graph shows the variation of terminal 
voltage of the combination with the current 
output : 


1 5.6 


542 
228 
& 

214 


9 05 


10 15 20 
Kin amperes) —> 
(i) What is the emf of each cell used? 
(ii) Calculate the internal resistance of each cell. 
(iii) For what current from the cells, does 
maximum power dissipation occur in the 
circuit? [3] 


. Give the principle, construction, theory and 


working of an ac generator. 

OR 
Derive an expression for the average power over 
a complete cycle of ac in a series LCR circuit 
connected to an ac source in which the phase 
difference between the voltage and current in the 
circuit is >. [5] 


Describe diffraction of light due to a single slit 
and obtain an expression for width of central 
maximum. 

OR 


Describe Young double slit experiment for | 


interference and obtain expression for fringe 
width. I5] 


. Draw the energy band diagrams of p-type and 


n-type semiconductors. Explain with a circuit 
diagram the working of full-wave rectifier. 

OR 
Draw a labelled circuit diagram of a common 
emitter amplifier using a p-n-p transistor. Explain 


how the input and output voltage are out of 
phase by 180° for а common-emitter transistor 
amplifier. Define the term voltage gain and write 


an expression for it. 15 
As E= -0 
at the centre, 
Wo or V=constant=5 V 
r 


Since both the light bulb and the toaster are 
connected in parallel, the potiental difference 
across both is the same, i.e., 220 V. 

Further, as the toaster produces more heat than 
the bulb, 


v2 


у? 


or К'>К 

Thus, the resistance of the bulb (R^) is more than 
that of the toaster (R). 

A permanent magnet should retain its magnetism 
for a long time. As such, it should be of a material 
of high coercivity, which is so in case of steel or 
alnico. 

Advantage : The power loss (Ё.К) is less at 
220 V supply than that at 110 V (due to smaller 
value of I, in the former case). 

Disadvantage : The peak value of 220 V is 


22042 =311 V, whereas that of 110 V is 155.6 V. 
Obviously, 220 V supply is more dangerous than 
110 V supply. 

The value of carbon resistance = 3700 Q + 10% 
= 37 х 102 + 10% 

The colour assigned to number 3, 7 and 2 are 
orange, violet and red respectively. For + 10% 
accuracy, the colour is silver. Thus, the bands 
of colour on carbon resistance in sequence are 
orange, violet, red and silver. 

(i) Froma point source, the wavefront is diverging 
spherical wavefront. 

(ii) From a distant light source, the wavefront is 
plane wavefront. 


An analog communication system makes use of 
analog signals, which vary continuously with 
time. А digital communication system makes use 
of a digital signal, which has only two values of 
voltage either high or low. 
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Ж Iis maximum for p metal, less ог metal and 

Length of the dipole antenna = 5 =0.5 m О Tetons а ee 
9. The logic circuit for the given combination of | 11. In the absence of any external voltage source, the 
gates is shown in the given figure. motion of electrons in a conductor is random and 
Я EX electrons collide continuously with the positive 
* ШЕ B ions of metal. This causes a random change in 
pe direction. The average velocity of random motion 
AND Gate NAND Gate of electrons in any direction is zero, hence current 

Truth Table in conductor without external source is zero. 


12. Consider a spherical surface of radius r, such 
that OP, = r,. Charge induced on inner surface of 
metallic sphere =- О 
Charge induced on outer surface of metallic 
sphere =+ О 
7. Net charge enclosed by surface $,= Q-Q=0 


A 
0 
0 
1 


111 1 0 


10. Неге, А. = 3500 А = 3500 x 10" т 
Let E be the energy of the incident photon. 


he __(6.63x10™)(3 x 108) 


БЕТ = = eV 
^ (3500x 10!)(1.6 x 107!) 

or E-355eV | я А 
For metal A, Е < 4.2 eV and for metal В, E > 1.9 eV. > Ву Guasss theorem, total electric flux 
Thus metal B yields photoelectrons with the light through uw 5 
of given wavelength. = xnet charge enclosed. 

OR £0 

1 

For photoelectric emission to take place, the Ej4m?-—x0 . E320 
wavelength of incident light should be less than £o 


ie., electric field at P, is zero. 


the threshold length for that metal. If À, is 
еа Similarly, electric field at P, is also zero. 


the threshold wavelength, then work function of 


metal 
he he 
=< A == 
Ф x. Ыб ie" 
1240 eV nm 
Е tal p, Ay 2 — = 620 
or metal р, Ay, Zev nm 
1240 eV nm 
Е tal д, A, ————— -4« 
or metal q An, 2 —7 = 496 nm | 
_ 9+1) 100 25 
_ 1240 eV пт = НЕ 


=413.3 пт (9-1? 64 16 


14. The force acting on a charged particle having 
charge q moving with velocity 5 through a 


For metal r, A, = 30cV 
d .0 e' 


Wavelengths in the incident beam are 550 nm, 
450 nm and 350 nm. Thus the photoelectric 


emission is possible by light of wavelength magnetic field B is given by 

350 nm (being shorter than А.) from metals р, q Е=9(5хВ) ог F=qvBsin@ 

andr. For lightof wavelength 450nm («620 nm and where 0 is the angle between 2 and B. 

496 nm) photoelectric emission is possible from (i) Force will be maximum when sin0 = 1 
metals p and 4. For light of wavelength 550 nm or Ө = 90° ie., charge is moving perpendicular to 
( < 620 nm), the photoelectric emission is possible the magnetic field. 

from metal p. (й) Force will be minimum when sind = 0, 
Current (I) << Intensity ог Ө = 0° or 180° ie, charge is moving either 


where Intensity = Nh of photoelectrons parallel or antiparallel to the magnetic field. 
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16, 


17. 


18. 


ЕД 4 
А Р B 


M——— — — — 60 cm—— — — ——» 
(i) Here, q, = 10 105 C, q,=-2 * 10*C 
and AB = 60 cm = 0.6 m 
Let x be the distance of point P from charge q, at 
which electric potential is zero. 
Potential at P is 
pul wo 
p= 
алеу AP 4ne, PB 


1 (10x10) 1 (2x10?) 

m — >+ s 
dm x 4m (06-2) 
10 2 


Е 6-10х=2х ог 12х=6 


х=0.5 т = 50 ст 
(ii) Electrostatic potential energy of the system 


u= hh 
Amey r 
-8 8 
U = 9.x 19 х1010* x(-2x10) 
0.6 
z 
и=-18%107, U = -30х106 =-3х105 J 
Here, С = 15 uF = 15 х 10° Е, 
= 220 V, v = 50 Hz, 
= 1.1 
СТС 2mC 
= отвала 
2x T х50х15.0х10° 
=% _ 220 
hayes 20171097 А 


lo = 521, = 1.414 1.037 А = 147A 
The Vy graph is a straight Vj 
line as shown in the figure. 
eV, 7 lo - И 

h 
Vy =—0-W 

0 e ‘0 о Yo 5 

Comparing the above relation with the equation 
of straight line, у = mx +c h 

The slope of V, -v graph is Z- 
Here, 1=0.45m , m=60g=60x10°kg 12 5A. 
(а) Tension in the wire is zero if force on the wire 
carrying current due to magnetic field is equal 
and opposite to the weight of wire 

ie. Bll=mg or B= С 


-(60x10?)—98 =0.26 T 
50x 45 


19. 


The force due to magnetic field will be upwards if 
the direction of field is horizontal and normal to 
the conductor. 

(b) When direction of current is reversed, ВИ and 
mg will act vertically downwards, the effective 
tension in the wires, 

T=BIl + mg = 0.26*5х 0.45 + (60 x 10°) x 9.8 
173N 

Here, A = 90 cm? = 90 х 104 m? = 9 x 10? mê, 
d-25mm-25*10? m V-400V 


ley2.180^4y2, 
u-lcv v3 
(a) 2 d 
8885x107? x 9x 10(400 
2x25x10? 
(b) Volume of capacitor, 
У-Ах4=90х 10425 x 10? т? 
Energy per unit volume, 
255x109 


2.55x10~ J 


= 2.25 x 107m? 


u2299X10 9415] m? 
225х107, Й 
lcy2 “åy 
Ae ае 2 ee” 1 (Уј 
V Ad ла 2 94а 


But H = E, electric intensity field intensity) 


wah =e) E? 


. Here, G= 10, 1, =1 mA=10°A 


Case (i), V=2 V 


R-V-G--2--10-1900-2k0 
1 1 -3 
MEET 


Case (ii), V - 20 V 
(ку +R) = 20. -10 = 20,000 -10 = 20 kQ 
107 


R,-20kQ-2kQ-18kQ 


Ry +R +R, =E -10- 200k Q 


R, = 200 КО - 20 KQ = 180 КО 
OR 
1 I 


20A 


30A 


20cm ^ 
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Resultant magnetic field induction at P is 
Ho 215 


B-107 x zl 
01 0. 

It will be acting perpendicular to the plane of 

paper upwards. 

Resultant magnetic field induction at Q is 

paH0y 


[2 x] 
=2x/ 2,2 
ап (o1 01 
7107 х2 х 500=10*Т 


It will be acting perpendicular to the plane of ће 
paper downwards. 


Resultant magnetic field induction at R is 


ха] 80 2 sre? т 


в=№ 

4n 
It will be acting perpendicular to the plane of the 
paper upwards. 
Let oy and w, be the angular frequency of carrier 
waves and message signal wave respectively. 
For simplicity, let the signal received at the 
receiving station be 

A = A cos(w, + w,,)t 
Let the instantaneous voltage of carrier waves (c) 
given by 
C - A.coso t 
be available at the receiving station, 
Now, Ах C = A,A cos(o, + o, )! cos «f 
АА. 
2 
А Ас 
2 

At the receiving station, when the signal is passed 
through low-by pass filter, it will pass the high 
frequency signals (20 + о) but obstruct the low 
frequency signal œ, Therefore, we can record 
AA, 


21. 


[cos{(@, + &),,) + о + со5[(, + o,,)t — c.t] 


[cos(2@, o, ) + cost]. 


the modulating signal = 1^ cos, t, which is a 
signal of angular frequency ©. 


22. According to lens maker's formula 


3 1 1 
а 
Р К № 

Неге, ц = 1,6, К, = 30 cm, К, = -30 cm, 
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24. 


1.a6-p| La 
y we oli] 


1-06-52] 


f 30] 30 
f=25cm 
According to thin lens formula, 
11:1 
vu f 
TY 3 ИИ 7 1 
i. A rcd ld 
v f u 25 125 
v--25cm 
Negative sign shows that the image is virtual. 
As т- 1-0 
ho u 
E (25) 
hj 2—-xhg9-2 1i 
hy = Flo = Cay gy 37 10em 


The image is erect, virtual and magnified. 


The wavelength (A) of different spectral lines of 
Balmer series is given by 


1 1 1 
i poe where и = 3, 4, 5, 6, .... 


For longest wavelength, n = 3 
1 7| 1 1 1.229: 
= = 1.097 x10 | — – — |= 1.097 x 10° х — 
А i E H 36 


36 
a MÀ 
5x1.097 x 10” 


_ 36x10" 
5x 1097 x 107 


А. = 6563 А 
For shortest wavelength, п = © 


1.097 x 107 


1 ;[1 
= =1.097 x10 |— 
a E Е 


4 AxA _ 
1.097 х107 1.097 x107 
(i) X-ray examination of a patient is required 
to diagnose the location of a defect or disease 
especially in bones, as X-rays can pass through 
blood and flesh but not through bones. 
(ii) No, the doctor is not right as repeated X-ray 
examinations of a human body may destroy small 
and sensitive tissues of the body which may cause 
further problems. 
(iii) The doctor is not expected to misguide a 
patient for extraneous considerations. For a 
patient, the doctor is next to God. He should 
always provide a fair treatment. 


646 À 


25. 


26. 


(i) Distance of far point, и = — 0.1 m, distance of 
image,072cm -0.02 m 
2. Power of myopic eye, 


+ 
о и 002 01 


2. Power required, P, =——-—=50D 


(ii) Power of accommodation = 4D 

If P, is power of normal eye for near vision, then 
4=P,-P=P,-60orP,= 64D 

If x, is near point without glasses, then 


14,1 264 or 1-14, = 1L m-007m 


x, 002 x, 07€ 
(iii) With glasses, P; = Р/+4=50+4=54 
1 1 
ddr. 
xw ^ 
1 


Total target power = 2 x 10° MW 
Total nuclear power = 10% of 2 х 10° MW 


72x10! MW. 

Energy produced per fission = 200 MeV 
Efficiency of power plant = 25% 
^. Energy converted into electrical energy per 
fission = Ex 200 = 50 MeV = 50x 16x 1073] 
Total electrical energy to be produced 
22x10! MW 22x10! x 10° W =2 х 1019) 51 
=2 х 10" х 60 х 60 x 24 x 365 joule per year 
Number of fission in one year 

2x 1019 x 60 x 60 x 24 x 365 

50x1.6x1075 

wou 26x24 x368 x10% 

Mass of 6.023 х 10? atoms of 0? = 235 g 
=235 x 10? kg 


2x36x24x365 | 1024 


Mass of atoms 


..285x10? , 2x36x24x365x20?* 
0.023 x 10° 8 
=3.08 х 10* kg 


27. 


| 30 


. Refer point 4.8(2) page no. 252 (MTG Excel 


. Refer point 6.14 page по. 409 (MTG Excel 


Hence mass of uranium needed per year 
=3.08 x 10* kg 

Emf of each cell == 

Internal resistance of each cell = r 

Number of cells (п) = 4 

Total emf = te = 4e 

Total internal resistance = nr = 4r 

Terminal voltage, (У) = 4e — (47) 


t 5. 
542 
528 
£ 
Šis 
0 


-À 


05 10 15 20 
I(in amperes) > 
From the graph, 
when [= 0, V=5.6V 

56-4c-0 

== ES V=14V 

Emf of each cell, 1.4 V 
From graph, when V =0,1=2.0 A 


(using (i)) 


(i) 


0-4e- 8r (using (0) 
48.2514 ova 
8^ 8 


Internal resistance of each cell, r = 0.7 Q 

Power output is maximum when 

external resistance = effective internal 

resistance 

For maximum power, 

External resistance, R = 4r = 4 х 0.7 = 2.8 Q 
4e 4х14 _ 

Reár 28428 .— 


(iii) 


Current in circuit, I = 


in 
Physics). 

OR 
Refer point 4.6(9) page no. 248 (MTG Excel 
Physics). 


in 


in 
Physics). 

OR 
Refer point 6.13 page no. 406 (MTG Excel 
Physics). 


in 
Refer point 9.2 (2) page no. 530 and point 
9.3 (6(1)) page no. 534 (MTG Excel in Physics). 


OR 
Refer point 9 page no. 540 (MTG Excel in 
Physics). 

an 
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This year JEE (Main & А; IPMT/AIIMS, 


SECTION: 


Only One Option Correct Type 


This section contains 14 multiple choice questions. Each 
question has four choices (a), (b), (c) and (d), out of which ONLY 
ONE is correct. 


1. 


Two copper balls, each weighting 10 р, are kept 
in air 10 cm apart. If one electron from every 10° 
atoms is transferred from one ball to the other, the 
coulomb force between them is (atomic weight of 
copper is 63.5) 

(a) 20 109 N 
(c) 2.0х10 М 


(b) 20 10*N 
(d) 20x 106N 


A torque of 105 № m is required to hold a magnet 
at 90° with the horizontal component of the earth's 
magnetic field. The torque required to hold it at 
30° will be 


1 


(а) 5x105N m (b) ;*105N m 


(© 548x10*5Nm (9) 2x105N m 


The potential difference in volt across the 
resistance Кз in the circuit shown in figure, is 
(Given К, = 15 Q, К, = 15 Q, R; = 30 Q, Ry = 35 Q) 


50V 
Ry 
R3 
к, 
R, 
(a) 5 (Ы) 75 
(© 15 (d) 12.5 


A source emits sound of frequency 600 Hz inside 
water. The frequency heard in air will be equal to 
(velocity of sound in water = 1500 m s"! velocity of 
sound in air = 300 m s) 
(a) 3000 Hz 

(c) 600 Hz 


(b) 120 Hz 
(d) 6000 Hz. 


PMTs h 


EI 


m 


10. 


drawn their papers heavily from NCERT books. 
An alpha particle of energy 5 MeV is scattered 
through 180° by a fixed uranium nucleus. The 
distance of closest approach is of the order of 

(a) 10À (b) 10-1 cm. 

(c) 1072 cm (d) 1075 ст 


Anac voltage source of variable angular frequency 
cand fixed amplitude Vo is connected in series with 
a capacitance С and an electric bulb of resistance R 
(inductance zero). When o is increased 

(a) the bulb glows dimmer 

(b) the bulb glows brighter 

(© total impedance of the circuit is unchanged 
(d) total impedance of the circuit increases 


An electron of mass m and charge q is travelling 
with a speed v along a circular path of radius r 
at right angles to a uniform magnetic field B. If 
speed of the electron is doubled and the magnetic 
field is halved, then resulting path would have a 
radius of 

r 


" 
- Il 2i 4) 

Әт 0 (© 2r (d) 4r 

In a free space electron is placed in the path of a 

plane electromagnetic wave, it will start moving 

along 

(a) centre of earth 


(c) magnetic field 


(b) equator of earth 
(d) electric field 

The radii of curvature of the two surfaces of a lens 
are20 cm and 30 cm and the refractive index of the 
material of the lens is 1.5. If the lens is concavo- 
convex, then the focal length of the lens is 

(a) 24cm (b) 10cm 

(© 15cm (d) 120 cm 

A TV tower has a height 150 m. What is the 
total population covered by the TV tower, if 
the population density around the TV tower is 
10° km-2? Radius of the earth is 6.4 10 m. 

(a) 60.29 lakh (b) 40.192 lakh 

(c) 100 lakh (9) 20.22 lakh 
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11. 


12. 


13. 


14. 


In the given circuit with steady — V R 
current, the potential drop ГАН MW 
across the capacitor must be у с 
(а) V 
2у 2R 

y ww 
ei 

у 2V 

LA dy 2 
(o) 3 (9) 3 


In the circuit shown below, switch 5 is closed at a 
time Ё = 0. The charge which passes through the 
battery in one time constant is 


EL L н 
е eR? 
p tL 
OR Ed. 
E 5 
eR! E L 
e*t eq 


A sinusoidal voltage of peak value 300 V and an 
angular frequency w = 400 rad s^ is applied to 
series L-C-R circuit, in which R = 3 Q, L = 20 mH 
and C = 625 pF. The peak current in the circuit is 
(а) 30/2 A (b) 60А 

(с) 100A (d) 6042 A 


The wavelength of the first spectral line in the 
Balmer series of hydrogen atom is 6561 А. The 
wavelength of the second spectral line in the 
Balmer series of singly-ionized helium atom is 


(a) 1215À (b) 1640 À 
(c) 2430À (d) 4687 À 
SECTION - 2 


One or More Options Correct Type 


This section contains 9 multiple choice questions. Each question 
has four choices (a), (b), (c) and (d), out of which ONE or MORE 
are correct. 


15. 


76 


In the network shown, which of the following 
statements is true? 
D, 
42 


WWW 


5V 
the potential difference across D; is 5 V 
current through resistor equals 1.25 A 
current through diode D; is 1.25 A 
current through diode D, is 1.25 А 


(a) 
(b) 
(© 
(d) 
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16. 


17. 


18. 


19. 


21. 


А microammeter has a resistance of 100 © and 
a full scale range of 50 pA. It can be used as a 
voltmeter or as a higher range ammeter provided 
a resistance is added to it. Pick the correct range 
and resistance combination(s) 

(a) 50 V range with 10 КО resistance in series 

(b) 10 V range with 200 kQ resistance in series 
(c) 5 mA range with 1 © resistance in parallel 
(d) 10 mA range with 1 Q resistance in parallel. 


A ray of light travelling in a transparent medium 
falls on a surface separating the medium from air, 
at an angle of incidence of 45°. The ray undergo 
total internal reflection. If 15 the refractive index 
of the medium with respect to air, select the 
possible values of п from the following 

(a) 13 (b) 14 

(© 15 (d) 16 


The SI unit of inductance, henry can be written as 
(а) weber/ampere 

(b) volt-second/ampere 

(с) joule/(ampere)? 

(d) ohm-second 


When photons of energy 4.25 eV strike the surface 
of a metal, the ejected photoelectrons have a 
maximum kinetic energy Ед eV and de-Broglie 
wavelength Ад. The maximum kinetic energy of 
photoelectrons liberated from another metal B by 
photons of energy 4.70 eV is Ey = (Ел- 1.50) eV. If 
the de-Broglie wavelength of these photoelectrons 
is Ag = 24.4, then 

(a) the work function of A is 2.25 eV 

(b) the work function of B is 4.20 eV 

(c) E,=2.0eV 

(d) Ев=2.75 eV 


. Photoelectric effect supports quantum nature of 


light because 

(a) there is a minimum frequency of light below 
which no photoelectrons are emitted. 

the maximum kineticenergy of photo electrons 
depends only on the frequency of light and not 
on its intensity. 

even when the metal surface is faintly 
illuminated, the photoelectrons leave the 
surface immediately. 

electric charge of the photoelectrons is 
quantized. 


(b) 


(©) 


(d) 


An electron and a proton are moving on straight 
parallel paths with same velocity. They enter а 
semi-infinite region of uniform magnetic field 
perpendicular to the velocity. Which of the 
following statement(s) is/are true? 


(а) They will never come out of the magnetic field 
region. 
(b) They will come out travelling along parallel 
paths. 
(c) They will come out at the same time. 
(d) They will come out at different times. 

22. Assume that the nuclear binding energy per 
nucleons (B/A) versus mass number (A) is as 
shown in the figure. Consider a nucleus of A = 110. 
Fission of this nucleus results into 2 fragments. 


(BIA) 


50 70 120 150 


Which of the following could possibly be the mass 
number of the resulting nuclei to release energy 
in fission? 

(a) 55and55 (b) 70 and 40 

(c) 100 and 10 (d) 90 and 20 


23. An astronomical refractive telescope has an 
objective of focal length 20 m and an eyepiece of 
focal length 2 cm. 

(a) The length of the telescope tube is 20.02 m. 

(b) The magnification is 1000. 

(c) The image formed is inverted. 

(d) An objective of a larger aperture will increase 
the brightness and reduce chromatic aberration 
of the image. 


SECTION 
Paragraph Type 
This section contains 2 paragraphs each describing theory, 
experiment, data, etc. Four questions relate to two paragraphs. 
with two questions on each paragraph. Each question of a 
paragraph has only one correct answer among the four choices 
(а), (b), (c) and (d). 


Paragraph for Questions 24 and 25 


Wave properties of electrons implies that they will 
show diffraction effects. Davisson and Germer 
demonstrated this by diffracting electrons from 
crystals. The law governing the diffraction from a 
crystal is obtained by requiring that electron waves 
reflected from the planes of atoms in a crystal interfere 
constructively as shown in figure 


24. Electrons accelerated by potential V are diffracted 
from, a crystal. If d = 1 A and i = 30°, V should be 
about ( Given, h = 6.6 x 10-34 J s, т.= 9.1 x 10?! kg, 
е=1.6х 10-9 C) 


(a) 1000 V (b) 2000 V 
(© 50У (d) 500 V 

25. What is the glancing angle in the above 
experiment? 
(a) 30° (b) 15° 
(© 45° (d) 60° 


Paragraph for Questions 26 and 27 

When a p-type semiconductor is brought into a close 
contact with n-type semiconductor, we get a p-n junction 
with a barrier potential 0.4 V and the width of depletion 
region is 4 х 10-7 m. This p-n junction is forward biased 
with a battery of voltage 3 V and negligible internal 
resistance, in series with a resistor of resistance К, ideal 
milliammeter and key K as shown in figure. When key 
K is pressed, a current of 20 mA passes through the 
diode. 


ge 
ЗУ 


26. The intensity of the electric field in the depletion 
region when р-п junction is unbiased is 
(а) 0.5x 105 V m 
(b) 10x 105 V m 
(© 20x106 V m^ 
(d) L5x 105 V m^ 


27. If an electron with speed 4 х 105 m s! approaches 
the p-n junction from the n-side, the speed with 
which it will enter the p-side is 
(а) 13x10 ms? (b) 2.7 « 108m s4 
(© 13*105ms? (d) 27* 106m s 
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Matching List Type 
This section contains 2 multiple choice questions. Each question 
has matching lists. The codes for the lists have choices (a), (b), 
(c) and (d), out of which ONLY ONE is correct. 


28. List-I List-II 
(P) Ampere (1) Direction of 
Swimming induced current in a 
rule conductor 
(©) Flemings (2) Direction of magnetic 
Left hand field lines due to 
rule current through 
circular coil 
(R) Fleming's (3) Direction of 
Right hand deflection of 
rule magnetic needle 


due to current in a 
straight conductor 


(S) Righthand (4) Direction of force on 


thumb rule the current carring 
conductor due to 
magnetic field 
P Q R 5 
1 2 3 4 
Ыз 1 2 " 
(c) 3 4 2 1 
(3 4 1 2 
29. List-I List-II 
(P) Planck's theory (1) Light energy = io 
of quanta 
(Q) Einstein's (2) Angular 
theory of momentum of 
quanta electron in an orbit 
(R) Bohr's (3) Oscillator energies 
stationary orbit 
(S) de-Broglie (4) Electron 
waves microscope 
Р о R 5 
(01.2 3 4 
(03 т 2 4 
(03 4 1 2 
(3. 4 2 1 


SECTION - 5 
Assertion-Reason Type 
This section contains 4 questions. Read the two statements in 
the following questions. Of the four choices given, choose the 
one that best describes the two statements. 
(a) Statement-l is true, Statement-ll is true; Statement-I is а 
correct explanation of Statement-l. 
(b) Statement-l is true, Statement-Il is true; Statement-II is not a 
correct explanation of Statement-l. 
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(© Statement is true, Statement-ll is false. 


| (d) Statement- is false, Statement-II is true. 


30. Statement-I : For a charged particle moving 
from point P to point Q, the net work done by an 
electrostatic field on the particle is independent of 
the path connecting point P to point Q. 


Statement-II : The net work done by a conservative 
force on an object moving along a closed loop is zero. 


31. Statement-I : Electric appliances with metallic 
body, heaters, presses etc, have three pin 
connections, whereas an electric bulb has a two 
pin connection. 


Statement-II : Three pin connections reduce 
heating of connecting cables. 


32. Assertion : In an ac, only capacitor circuit 
instantaneous power at any instant of time is 
zero. 

Reason : Phase difference between current 
function and voltage function is 90°. 


33. Assertion : A particle at rest breaks into two 
particles of different masses. They fly off in 
different directions. Their de-Broglie wavelengths 
will be different. 

Reason : Their speed will be different. 


SECTION - 6 


Integer Value Correct Type 


This section contains 5 questions. The answer to each question 
is a single digit integer, ranging from 0 to 9 (both inclusive). 


34. The coercivity of a bar magnet is 120 A m". It is to 
be demagnetised by placing it inside a solenoid of 
length 120 cm and number of turns 72. The current 
(in A) flowing through the solenoid is 


35. An ac generator gives an output voltage of 
E = 170 sin56.52t. What is the frequency of 
alternating voltage produced (in hertz)? 


36. A person with two normal eyes wants to see full 
width of his face by a plane mirror. The eye to eye 
and ear to ear distances of his face are 10 cm and 
14 cm respectively. The minimum width (in cm) of 
required mirror is 

37. A proton is fired from very far away towards 
а nucleus with charge О = 120 e, where e is the 
electronic charge. It makes a closest approach of 
10 fm to the nucleus. The de Broglie wavelength 
(in units of fm) of the proton at its start is 
(Take the proton mass, m, = (5/3) х 10-27 kg 


1 
he = 42 х 1055] sC, 29 х 10 m F, 
1fm- 10-5 m) RE, 


38. А 10 V Zener diode along with a series resistance | 4. 


R is connected across a 40 V supply as shown in 
figure. If the maximum value Zener current is | 
50 mA, the minimum value of resistance R is 
ах 10? ©. Find the integer value of a. 


= 


SOLUTIONS | 


| 5. 


L 


(c) : Number of electrons, | 
n= 6x10” 1 6x105 
^ 635 105 635 


_ 6x10" x 16x107* 
3 63.5 
or 9=15х102С 
pz 9x10 x 15x10? x1.5x107 
NEN 
100 
220x105 № 
(a): As, t= MB sin Ө 
where, M is magnetic dipole moment, B the 
magnetic field and 0 is the angle between them 
Given, t; = 105 N m, 0; = 90°, 0; = 30°. 
ту = MB sin 90° 
1; = MB sin 30° 
Dividing eqn. (i) by eqn. (ii), we get 


х10х 


$2,107. 1 
*; ^ 1/2 
105 10... 
=——==x10 
> т 2 
=5х 105 М т 


(c) : Total resistance of the circuit 


MCN: Г ] 
(Ri + R)) € R3 50v 
Ri; 
_ 35+ 05+15)x30 Am 
(15415) « 30 Г з 
: 
2354 20x30. 0 
30-30 R, 
Current in circuit, 121A 9. 


Current through Ку 71,27 V 
Potential difference across Rs 


=r xR =}x30=15V 


(c) : Frequency of sound = 600 Hz inside water. 
Frequency of a wave depends on the source and 
it does not change during refraction when wave 
travels from one medium to another. 

7. Frequency heard in air = 600 Hz. 

(c) : By energy conservation, 

loss in kinetic energy = gain in potential energy 


1 2909 5,16, 402 
AME) тп 

1 2Ze? 
Tmin 


"dn 5x 16x 10-8 
9x10? x 2x92x(1.6x 1079)? 


ind 5*1.6* 1013 
3x 10-4 т 
Tmin 753 x 10-2 ст 


The distance of closest approach is of the order of 
107? cm. 


(b): Impedance of the circuit, 


2= X +R? = 


As œ increases, Z 
decreases. Current in the 
ire V © 
circuit, I= Z tl 


When o is increased, the impedance of the circuit 
decreases and the current through the bulb 
increases. Therefore the bulb glows brighter. 

(d): In a perpendicular magnetic field, 

Magnetic force = centripetal force 


mo 
r=— 


r= 4r,=4r 


(d):The electron placed in the path of 
electromagnetic wave will experience force due to 
electric field vector and not due to magnetic field 
vector. 

(d): The focal length of the lens 


1 1.1 
Sene] 
f G ( R, 
1 .a5-»|-L--L 
ge of x) 
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10. 


11. 
13. 


14. 


15, 


(a): Given, h=150 m, R «64 105m 
Average population density = 103 km? 

= (103) (103) m2 = 105 m? 
Distance upto which the transmission could be 
viewed 


4= J2hR 
Total area over which transmission could be 
viewer 
= п = 2nhR 
Population covered = 10-3 x 20hR 
= 10° x 2 х 3.14 x 150 х 64 x 10° 
= 60.29 lakh 
(o 12. (а) 
(b): The impedance of the circuit is 
2= үк «(X, - X 
Here, 
X, = oL-400x 20x10? =8H 
1 1 
я 
С eC 400x 625 x 10° 


Z= (3) «(8-4 =5 


(a): The wavelengths of the spectral lines in the 
Balmer series is given by 


ева т] п=3,4,5,6.... 
a п 


For hydrogen atom, 2 
line 


= 1, n = 3 for first spectral 


z|- 4G- j [5 aD 


For Не? ion, Z = 2, п = 4 for second spectral line 


Ан 


3 " 
=4R| — ii 
[i] е 
Divide (i) by (ii), ме get 
Mie 5. 
Ан 27 
ах xŠ = (6561 À) x 2. - 1215 À 
Het H^» 27 


(b, с) : D; is forward biased and D; reverse biased. 
Therefore, current through the resistance and D; 
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16. 


17. 


21. 


але" qos 
R 4 


(b, c): In order to increase the range of ammeter, 
a low resistance is connected in parallel with the 
ammeter. Let 5 be the low resistance 


Siz p 
с г 
50 x 1076 
or S = (100) 
( MG x 103) - 80 x 105) 
(7 5mA >> 50 ЦА) 
6 
Е 5 = 100 х 50 x 10 oe bute: 


5 x 10? 
Option (c) is correct. 
In order to change ammeter into a voltmeter, 
a high resistance is connected in series with the 
ammeter. Let the high resistance be К. 


1,(R + С) = 
or R=Y-Gor R= D. -10 
1, 50 х 107 
ог К = 200КО - 1000 ог К = 200 КО. 
Option (b) is correct. 
ERU 
d):Asu2—— 242-1414. 
АЕ mc ‘sin 45° ETE: № 
Possible value of p аге 1.5 and 1.6. 
. (a,b,c, d) 19. (a, b, с) 
. (a, b, с) 
"a: ххх 
ххххх 
ххх XK x 
хх x x x x 
XX od x Ox x 
x xf x x x x 
XK X X X x 
OM KX KX 
ххххх 
xc «xxx x 
x x x x x x 
x x x x x x 
x xf x x x 
А 
с х 


From бриге, it is clear that they will соте out 
travelling along parallel paths. Hence, (b) is 
correct. 

The velocity of the charged particle is normal 
to the magnetic field and the magnetic field is 
uniform, so the particle will follow a circular path. 
The radius of the circular path is 

то 


к=" 
qB 


24. 


26. 


27. 


туо 
For proton, R, = aa Я 
3B F 


m >m = RR, 


mo 


For electron, R, = 7 
E 


Time spent by the particle in the field is т 
E 


mm, 
. For electron, T, = -e 
electron, T, = 75 
vomy»m,- ТТ, 
Hence (d) is correct. 


mm, 


eB 


; For proton, T, = 


. (a,b): To release energy in a nuclear process, 


binding energy per nucleon should increase. 


. (a,b,c): 


(a) Length of the telescope, 

L= fọ + f, = 20 m + 0.02 m = 20.02 m 
Л _ 20m 
f, 002m 
(c) In an astronomical telescope, image formed is 
inverted. 

(c) 
(d):Glancing angle is the inclination of the 
incident rays with the plane of the atoms which 
is, 


(b) Magnification, It = 


Ө - 90? — 30° = 60°. 
у, . 

(b: As Е= — = 04 — 1xa0* Vm” 
d Ax107 

(а): Let v; be the speed of electron when enters the 


depletion region and v is the speed when it comes 
out of depletion layer. According to principle of 
conservation of total energy, 

K.E. of the incident electron = workdone against 
potential barrier + K.E. of the emerging electron. 


ie. iui 2M iud 
or ix (9.1 x 107!) x (4 x 105)? 


= (1.6 x 107? x 0.4) + pono xvi 


On solving, we get, v; = 1.3 x 105 m s. 


. (d): Ampere swimming rule tells the direction of 


deflection of the magnetic needle due to current 
in a straight conductor, when magnetic needle is 
held below the conductor. 

Fleming's left hand rule tells the direction of 
force on the current carrying conductor placed 
perpendicular to a uniform magnetic field. 
Fleming's right hand rule tells the direction of 
induced current. 

Right hand thumb rule tells the direction of 
magnetic field lines due to current through 
circular coil. 


| 29. (b): Planck's theory of quanta is for quantisation 


30. 


31. 


32. 


ae 


. (7) 
. (6): Here, V;= 40 V, I; =50 тА 


of energies of oscillations. 

Einstein theory of quanta gave the energy of 
photon as hv. 

Bohr's stationary orbit in an atom is one in which 
the angular momentum of electron is integral 
multiple of h/27. 

de-Broglie waves are used in the working of 
electron microscope. 


(a): As electrostatic field is conservative, 
W-q(Vo- Vp, 

i.e, work done depends only on end positions and 
not on the path followed. 


(©: The electrical appliances with metallic body 
like heater, press etc. have three pin connections. 
Two pins are for supply line and third pin is 
for earth connection for safety purposes. Here 
statement-II is wrong. 


(d) : If V = Vo sin of, then current function will 
lead the voltage function by 90° 
^ 1=1 cos ot 
7. Instantaneous power 
P = VI = Volo sin wt cos wt 
or P #0 atall times. 


. (d): As à=} 


n р 
Their momenta are same. Hence their wavelengths 
are same. 


.Q 
. (9): Here E = 170 sin 56.52 t 


Compare with the standard from of equation of 
alternating emf, 
Е = Egsin wt, w = 56.52, 


21-5652 
_ 56.52 _ 5652 _ 
2n 2x34 


. (2): Here, eye to eye distance, a = 8 ст 


ear to ear distance, d = 12 cm 
Minimum width of required mirror is 


Since maximum current flows through Zener, 
hence, I; - 0 
Maximum current, 


Voltage drop across Zener, Vo = 10 V 
Since I is maximum, hence maximum value of R is 
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Thought 


Provoking 


In figure shown, left arm of a U-tube is immersed 
in a hot water bath at temperature T, and right 
arm is immersed in a bath of melting ice, the 
height of manometric liquid in respective 
columns is hip and lig. Determine the coefficient 
of expansion of the liquid. 


Two thermally insulated vessels, filled with air 
are connected by a short tube containing a valve, 
initially closed. The pressures, volumes and 
temperatures in the two vessels are P}, V}, T; and 
Py V» T respectively. Find the P, T values after 
opening the valve. 


A capillary tube of constant cross-sectional area 
is filled with an ideal gas. The temperature of 
the gas varies linearly from one end (x = 0) to the 
other (x = L), according to the equation 


rn, (7 zh. 
L 


The volume of the capillary is V and the pressure 
P is uniform throughout. Determine the number 
of moles of the gas in the capillary. 

An ideal gas of molecular weight M is contained 
in a tall vertical cylindrical vessel of base area A 
and height h. The temperature of the gas is T and 


Ву: Prof. Rajinder Singh Randhawa* 


assumed to be constant. In uniform gravitational 
field, find the height at which the centre of gravity 
of the gas is located. 


An ideal gas of molar mass M is filled in a 
horizontal cylinder closed at one end. The cylinder 
rotates with a constant angular velocity « about a 
vertical axis passing through the open end of the 
cylinder. The pressure at the axis of the cylinder 
is Р, and temperature T. Find the air pressure as 
a function of the distance r from the rotation axis, 
in isothermal condition. 


A cylinder with adiabatic 
walls contains water. The 
cylinder is closed on top 
with a metal cover of area 
A, thickness b and thermal 
conductivity K.Heatcapacity 
of water is C, temperature of 
surroundings is T, assumed to be constant. An 
electric heater produces heat at a rate H. Find the 
temperature of water as a function of time after 
the heater is switched on. 


Consider one mole of an ideal gas whose volume 
Е а ў 
changes with temperature as V = T' where 0 is 


constant. Find the amount of heat required to raise 
its temperature by AT, if its adiabatic constant is 


SOLUTIONS 


1. 


Since the liquid is in hydrostatic equilibrium, 
m 
Prghr Pogy = Pr= > 


Also, Ут = ИИ + ҮГ). 


and p; V; - pgVo > Рт = 
From (i) and (ii), we get 


Po 
(YT) 


82 
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Пт = hy 1T). 
which on solving for y, we get 
(r) 


= ит 


In equilibrium, both the vessels have the same 
pressure. 
After mixing of air, total no. of moles, n = n, + n». 
The total volume of the air, V = V, + V}. 
Let the common temperature attained be T. 
P(V, + V5) = (n, + m)RT 
n +n, )RT 
VV, 
The combined system is thermally insulated, 
hence, О =0 
System does no mechanical work, since dV =0, 
ie, ЧИ! = PdV = 0. 
From 1* law of thermodynamics, dQ = dU + dW. 
Hence, du - 0. 
There is no change in internal energy. 
The internal energy U of an ideal gas is given 


or 


(i) 


by 
nRT _ РУ R 
U =n, T= =—— EN. 
nRT, п,КТ, E 
Usa o + ac (mT,+n,T,) =.) 
RT 
Ugg etn) 
yal 
Ца = вла 


= nT, + nT, = (ny + п) 


E T- nT, tnT, 
nn, 


ВУ, +РУ, 
or DANGA 
T, T 


or T= 


(вит, + 


From equation (iv), (n, + ;)T — n,T, + nTa 
_ АИ +РУ, 
Wt 


R 
P= wey +n,T;) 


(as РУ, = RT, and Р,У, - njRT;) 


Consider an infinitesimal length dx of tube at a 
distance x from one end. 


Volume of this section = Adx 


): 


Volume of the capillary, 


Here, rens (hz 


V = AL, is constant. 


x=0 x-L 


Applying ideal gas equation to this differential 
volume, we get 


P(Adx) = dnRT = а *( т S Y] А 


(т, 
Solving, we get 
а= EAD. "(1 MN LAN »(. 
(п. -т)к (n) (п-т) (m 

Consider a layer of thickness dli as shown in figure. 
Volume of this layer = dV = Adh 
Mass of this layer 

dm = pdV = p(Adh) (i) 
As, density at a height л is given by 

p = рое МЕТ 

50 equation (i), becomes 

ат = py Ae MSWRT dh, 
The height of centre of gravity is 


[вать — fogAne "an 
E 


=2 
fee. = Mg 


[sim jose т ah 
° 0 


RT 
hcc ^ 


Consider a small area element of thickness dr, at a 
distance r from the axis. 
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H 

(P + dP)A — PA = ro?dm 

ог (dP)A=rar(pAdr) 
ар = purrdr ...(i) 

From ideal gas equation, 

pa ™ (ii) 
From equations (i) and (ii), we get 
M 


2 
ЯР М iri 
PORE 


Integrating both sides, we get 
{ар Mo f 
ДР RT} 
P= po Moon Rr 

= 


ар= Mardy or 
RT 


6. Heat conducted through metallic slab, 
dQ _KA(T-T,) 


dt b 
Heat gain by water through heater = H. 
Net rate at which heat is gained by water, 


dQ н_КАт_ 
acc) 


> ct -н-КАт-т) 


=] (r-1,] * jJ 


r 
or н-к) = 
To 


AK 
H-A gp. 
Е рига ? 
AK H 
"m 
y Акане 
7 
Solving, we get, 
4% 
rn T ( )] 
Since PV = nRT, 
or PV = mR (- r-2) 
ог река 
ve 


The work done in this epose 


(= enl c S 
Vy Vy 


W= hu -T)-- itis Т)=-пКАТ 
Since T; « Tp, Wis negative, 

ie. work is done on the system. 

Again, change in internal energy, 


Aus nRAT 
y-1 
Amount of heat required, AQ = AU + AW 
i-r -nRAT = mre =y) 
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Q1. It is a common observation that as a lightbulb 
ages, it gives off less light than when new. Why? 

(Ankit, Moradabad, U.P.) 
Ans. There are two reasons for this, one electrical 
and one optical, but both are related to the same 
phenomenon occurring within the bulb. The filament 
of lightbulb is made of a tungsten wire that, in an old 
lightbulb, has been kept at a high temperature for 
many hours. These high temperatures cause tungsten 
to be evaporated from the filament, decreasing its 
radius. From К = I/A, we see that a decreased cross- 
sectional area leads to an increase in resistance of the 
filament. This increasing resistance with age means 
that the filament will carry less current for the same 
applied voltage. With less current in the filament, 
there is less light output, and the filament glows more 
dimly. 
At the high operating temperature of the filament, 
tungsten atoms leave the surface of the filament, such 
as water molecules evaporate from a puddle of water. 
These atoms are carried away by convection currents 
in the gas in the bulb and are deposited on the inner 
surface of the glass. With time, the glass becomes less 
transparent because of this tungsten coating, which 
decreases the amount of light that passes through the 
glass. 
Q2. The launch area for the European Space Agency 
is not in Europe it is in South America. Why? 

(Rohit Garg, New Delhi) 
Ans. Placing a satellite in Earth orbit requires, 
providing a large tangential speed to the satellite, 
which is the task of the rocket propulsion system. 
Anything that reduces the requirements on the 
propulsion system is a welcome contribution. The 
surface of the Earth is already travelling toward the 
east at a high speed, due to the rotation of the Earth. 
Thus, if rockets are launched toward the east, the 
rotation of the Earth provides some initial tangential 
speed, reducing somewhat the requirements on the 


propulsion system. If rockets were launched from 
Europe, which is at a relatively large latitude, the 
contribution of the Earth's rotation is relatively small 
because the distance between Europe and the rotation 
axis of the Earth is relatively small. The ideal place 
for launching is at the equator, which is as far as one 
can be from the rotation axis of the Earth and still be 
on the surface of the Earth. This results in the largest 
possible tangential speed due to the Earth's rotation. 
The European Space Agency exploits this advantage 
by launching from French Guiana, which is only a few 
degrees north of the equator. 

A second advantage of this launch location is that 
launching toward the east takes the spacecraft over 
water. In the event of an accident or a failure, the 
wreckage will fall into the ocean rather than into 
populated areas as it would if launched to the east 
from Europe. This is a primary reason why the United 
States launches spacecraft from Florida rather than 
California, despite the more favourable weather 
conditions in California. 


Q3. If you sit in front of a fire with your eyes closed, 
you can feel significant warmth in your eyelids. If you 
now put ona pair of eyeglasses and repeat this activity, 
your eyelids will not feel nearly so warm. Why? 

(Rishabh, Chennai, Tamil Nadu) 
Ans. Much of the warmth you feel is due to 
electromagnetic radiation from the fire. A large 
fraction of this radiation is in the infrared part of 
the electromagnetic spectrum. Your eyelids are 
particularly sensitive to infrared radiation. On the 
other hand, glass is very opaque to infrared radiation. 
Thus, when you put on the glasses, you block much 
of the radiation from reaching your eyelids, and they 
feel cooler. 
Q4. When is the rate at which energy is being 
delivered to a lightbulb higher — just after it is turned 
on, and the glow of the filament is increasing, or 
after it has been on for a few seconds and the glow is 
steady? 

(Shubham, Kolkata, W.B.) 

Ans. As the voltage is applied across the cold filament 
when the lightbulb is first turned on, the resistance 
of the filament is low. Thus, the current is high, and 
a relatively large amount of energy is delivered to 
the bulb per unit time. As the filament warms up, its 
resistance rises, and the current falls. As a result, the 
rate of energy delivered to the bulb falls. The large 
current spike at the beginning of operation is the 
reason that lightbulbs often fail just as they are turned 
on. 
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Os. Is it possible to cool your kitchen by leaving 
the refrigerator door open or cool your bedroom by 
putting a window air conditioner on the floor, near by 
the bed? 

(Reena Patel, Surat, Gujarat) 
Ans. Whatever heat Qc is removed from the air 
directly in front of the open refrigerator is deposited 
directly back into the kitchen at the rear of the 
unit. Moreover, according to the second law, work 
W is needed to move that heat from cold to hot, 
and the energy from this work is also deposited 
into the kitchen as additional heat. Thus, the open 
refrigerator puts into the kitchen an amount of heat 
Qu 7 Qc * W, which is more than it removes. Rather 
than cooling the kitchen, the open refrigerator warms 
it up. Putting a window air conditioner on the floor 
to cool your bedroom is similarly a no-win game. The 
heat pumped out the back of the air conditioner and 
into the bedroom is greater than the heat pulled into 
the front of the unit. Consequently, the air conditioner 
actually warms the bedroom. 


Q6. How can alpha, beta and gamma rays be detected 
using our modern technology? 

(С.5. Sudarshan, Mysore, Karnataka) 
Ans. We know that alpha particle decay decreases 
the mass number by 4 and atomic number by 2. 
The beta-particle increases the atomic number by 1. 
Gamma rays are highly energetic photons. Alpha 
particles which are doubly charged helium nuclei 
are always repelled when directed towards heavy 
nuclei e.g, gold as used in Rutherford’s experiment. 
In modern technology, these repelled alpha rays are 
made to fall on radioactive substances kept in sealed 
chambers which produce some interaction like heat, 
light ete., which can run an electric circuit with LEDs. 
The beta particles, which are negatively charged like 
electrons when released into a magnetic field directed 
perpendicularly trace a circular path. The beta particles 
when made to rotate in sealed chambers coated with 
electroluminescent material show a glow along the 
path of beta particles. The gamma rays which are 
just highly energetic photons can be detected by the 
interaction of the photons with the electrons of any 
crystal. The photons on collision with the electrons 
in the crystal undergo a shift in their energy after 
collision. This shift in the wavelength of photon is the 
famous compton shift. This can be detected by photo 
detectors. 
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Q7. Current is a scalar quantity then why the vector 
component of current are resolved to find the wattless 
current? 

(Satish Sheoran, Bhiwani, Haryana) 


X-axis 


Wattless current 


Ans. Current is a scalar quantity as it does not obey 
the parallelogram law of addition of vectors, which is 
an essential condition for any physical quantity to be 
a vector. 

The use of vectors in the form of phasor diagrams for 
studying ac circuits is only better illustration of the 
properties like phase, amplitude, leading or lagging 
of sinusoidal signals whose amplitude represents the 
length of the vector and phase by its orientation with 
respect to the origin. 


Q8. What is the difference between vapour and gases? 
(Anshul Parmar, Hamirpur, Н.Р.) 
Ans. Gases are molecules of elements which obey the 
ideal gas equation in the case of ideal gases or with 
certain modifications in the ideal gas equation for 
non-ideal gases. Also, they have two specific heats, 
one at constant pressure C, and other at constant 
volume C,. 
Vapour on the other hand can be formed from 
any element or compound by heating it up to the 
temperature of latent vaporisation. Generally, the 
vapours are characterized by the properties like 
specific heat of their phase which exists at normal 
temperature and pressure. Their thermodynamics is 
not studied using the gas equation. 
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PHYSICS MUSING 


SOLUTION SET-6 
1. If p is the density of the material of the carpet, 


initial mass of the carpet (cylinder) М = nR?Lp 
and when its radius becomes half the mass of 
cylindrical part will be 
2 
eal E jp 
Mrs x: ) ред 
So initial potential energy of the carpet U; = МЕК 
while final potential energy. 
M к) MgR 
u,=—g|= |= 
PU, < 2) 8 
So loss іп potential energy due to unrolling radius 
changes from R to R/2 


1 7 ; 
AU =U) = Ир = МЕК МЕК = MgR =.) 


i / 
Zir ie 
@ © A 


This loss in potential energy is equal to increase in 
rotational kinetic energy which is 


KzKp*Kg =F Mo? le 


If v is the velocity when half the carpet has 
unrolled А 
2 
Bo, mat ате м МЕ 

2 4 214 


2 2 
км], мк [2 
214 2| 32 R 


= к-1м2+1мо2 = 3. s 
8 16 16 


2 32 


So from equation (i) and (ii) 


The situation is shown in figure. Let Бе the angle 
of projection and u the velocity of projection. 
y, 


о N 


88 PHYSICS FOR YOU | FEBRUARY 14 


Maximum height MN = 2h 
22122, 
Maeght 
usine - 2 gh <) 
Let t be the time taken by stone to attain the 
vertical height lt above the ground. 
i= (using) - sg? 


- в (о о 
g 8 


usin® , |i^sim?8 2h 
s Vg sg 
Substituting the value of иѕіп from (i), 


rh 
iN, ана. ns 
8 $ 8 8 8 
4h  |2h 4h  |2h 
= = | |2, b= Jor le 
8 8 8 8 


where Н and Ь are time to reach А and B 
respectively shown in the figure. If v is the 
horizontal velocity of bird, then 

AB = vl. 
AB is also equal to исоз6(Ь — ty), where ucos® is 
constant horizontal velocity of stone 


2 АД 
v Vs _ s 
ucos® ty 2h (+) 
8 
2 
= =22-1 
ma 79 


Consider dN number of turns of radius r and 
thickness dr. Let dE be the corresponding induced 
emf, then 


de 
dE = (dN)| 2 
ev (2) 
dE=dN 4 x (nr? x Bo sin ot) 


dE- G y (nro x Во cos wt) 


E- foc [Pret Ja, 


_ Nmo(Bycosot)? _ МлоВу costa” 
тва з 

Na? 

—— 

comparing (ii) with (i) we get, п=3. 


~G) 


Gi) 


Emax = 


Given, the pitch of screw gauge = 1 mm and total 

number of division on the ciruclar scale = 50 

Least Count, L.C = E 7002 mm 

The instruments has a positive zero error 

e-nxLC 
=6х 0.02 = 0.12 mm 

i.e. zero correction = — 0.12 mm 

Linear scale reading (LSR) =3 х 1 mm = 3 mm 

Circular scale reading (CSR) = 31 х (0.02 mm) 

70.62 mm 

Measured reading = LSR + CSR 
=3+0.62=3.62 mm 

True reading = 3.62 - 0.12 = 3.50 mm 


(©: ХИ = AK 

As particle is moving slowly, this means AK = 0 
= Wy+ Wet Was AK 

but Wy=0, as Ñ Ld? 

= 0+We-mgh=0 = Wp=mgh 


(c) : Since, kinetic energy К = ps cos? wt 
and potential energy, И = J mo*A? sin? ot 
or K-U= mA? cos? ot - sin? ot] 


= inea 605201 


Angular frequency = 20, 


time period, = 2% =% = *XT 


20 o 2x 
PEL 
2n 


(a): Moment of inertia of solid sphere of mass M 
and radius R about an axis passing through the 


centre of massis I = ium. Let the radius of disc 


ber. Moment of inertia of circular disc of radius 
r and mass M about an axis passing through the 
centre of mass and perpendicular to its plane 


== Ми? 
2 


Using theorem of parallel axes, moment of 
inertia of disc about its edge is 


=1м2+м2- 3м 
2 2 


Given1- l'or MR? -3 Mr? ог, r 
2R 


or, r-—— 


T 


(c) : Here, resistance К = 80 Q 
and X, - Xc «100-40 60 Q 


^. Impedance Z = JR? (X, - Xc)? 
= 80? +60? - 100 


241-6) 


a Зачем 5 
4 
or in e=In4 
Е =“ = 2102 [-t=4s] 
4222-5 
In2 


. (b): Linear momentum is conserved. 


n-p 
Butp = /2mK where К = kinetic energy. 
and \/2(216 m)K, = 42(4 m)K; 
where Кә is for a-particle and Kj is for nucleus. 
or 216K;-4K; ог Кә = 54 Ку 


Given p, Ki + К = 5.5 MeV 
From (i) and (ii), Ky +54 К, =5.5 MeV 


or 55Ki-55MeV or К, = 53 
ail 

K = 10 MeV а 
Ky= 54K or К, = 35 MeV 


or Kj-54MeV 
Kinetic energy of a-particle = 54 MeV. 
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